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(54) Titles ,STuUL DERIVATIVES AND PROCESSES FOR THEIR PREPARATION 
(57) Abstract 

Compounds oT general formula ( I ) arc described, wherein Y is a halogen 
atom or a group -OR 1 , wherein R 1 is an optionally substituted alkyl group; 
X is -O-, -S- oi ■ '(R 6 )-, where R* is a hydrogen atom or an alkyl group; R 2 
is an optionally substituted alkyl, alkcnyl. cycloalkyl or cycloalkenyl group; 
R 3 and R\ which may be the same or different, is each a group -(CH2>nAr, 
where Ar is a n>onocyclic or bicyclic aryl group optionally containing one or 
more heterontoms selected from oxygen, sulphur or nitrogen atoms and n is 

zero or an integer 1, 2 or 3: R 3 is a hydrogen atom or an optionally substituted alkyl group; and the salts, solvates, hydrates and N-oxidcs 
thereof. Compounds according to the invention are potent, selective and omlly active PDE IV inhibitors and are useful In the prophylaxis 
ami trrfltinrnt of aMhiiia find other dism.se a. 
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type o( PDE isoenzyme in a non-selective manner. Lack of a selective 
. action has been a paiticular problem given the widespread role of cAMP In 
vivo and what is needed are potent selective PDE IV inhibitors with an 
inhibitory action against PDE IV and little or no action against other PDE 
' 5 isoenzymes. 

We have now found a novel series of styryl derivatives, members of which 
compared to known structurally similar compounds are potent inhibitors of 
PDE IV at concentrations at which they have little or no Inhibitory action on 
, 10 other PDE isoenzymes. These compounds inhibit the Isolated PDE IV 
enzyme and also elevate cAMP in isolated leukocytes. Certain 
compounds prevent inflammation in the lungs induced by carrageenan, 
platelet-activating factor (PAF), interleukin-5 (IL-5) or antigen challenge. 
These compounds also suppress the hyperresponsiveness of airway 
15 smooth muscle seen in inflamed lungs. Advantageously, compounds 
according to the invention have good oral activity and at orally effective 
doses exhibit little or none of the side-effects associated with known PDE 
IV inhibitors, such as rolipram. The compounds of the invention are 
therefore of use in medicine, especially in the prophylaxis and treatment of 
20 asthma. 

Thus according to one aspect of the invention, we provide a compound of 
formula (1) 



wherein 

Y is a halogen atom or a group -OR 1 * where R 1 is an optionally substituted 

alky! group; 

30 X is -0-, -S- or -N v < t G )-, where R G is a hydrogen atom or an alkyl group. 

R2 is an optionally substituted alkyl, alkenyl, cycloalkyl or cycloalkenyl 
group; 



25 
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R 3 and R 4 , which may be the same or different, is each a group -(CH2)nAr, 

where Ar is a monocyclic or bicylic aryl group optionally containing one or 

more heteroatoms selected from oxygen, sulphur or nitrogen atoms and n 

is zero or an integer 1 , 2 or 3; 
5 f\s is a hydrogen atom or an optionally substituted alkyl group; and the 

salts, solvates, hydrates and N-oxides thereof. 

The compounds of formula (1) exist as geometrical isomers and the 
invention extends to all such individual isomers and mixtures thereof, 
i -jo Formula (1) and the formulae hereinafter should be understood to include 
all individual isomers and mixtures thereof, unless stated otherwise, and 
even though only one isomer may be depicted. 

In the compounds of fonnula (1), when Y is a halogen atom it may be for 
15 example a fluorine, chlorine, bromine or iodine atom. 

When Y in the compounds of formula (1) is a group -OR 1 , R 1 may be, for 
example, an optionally substituted straight or branched alkyl group, for 
example, an optionally substituted Ci-6alkyl group, such as a methyl, 
20 ethyl, n-propyl, or i-propyl, group. Optional substitutents which may be 
( present on R 1 groups include one or more halogen atoms, e.g. fluorine, or 
chlorine atoms. Particular substituted alkyl groups include for example 
-CH 2 F, -CH 2 CI, -CHF 2 , -CHCI 2 . -CF 3 or -CCI 3 groups. 

I 

25 Alkyl groups represented by R 2 or R 5 in the compounds of formula (1) 
include uptionally substituted straight or branched Ci. 6 alkyl groups, e.g. 
C1-3 alkyl groups such as methyl or ethyl groups. Optional substituents on 
these groups include one, two or three substituents selected from halogen 
atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or hydroxyl or C\.$ 

30 alkoxy e.g. Ci_ 3 alkoxy such as methoxy or ethoxy groups. 

Alkenyl groups represented by R 2 in the compounds of formula (1) include 
optionally substituted straight or branched C 2 -6alkenyl groups such as 
ethenyl, propen-1-yl and 2-methylpropen-1-yl. Optional substituents 
35 include those described above in relation to the groups R 2 and R 5 . 
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When R2 in the compounds ol formula (1) is an optionally substituted 
cycloalkyl or cycloalkenyl group it may be lor example a C 3 - O cycloalkyl 
group such as a cyclobutyl, cyclopentyl or cyclohexyl group or a C3-0 
cycloalkenyl group containing (or example one or two double bonds such 

5 as 2-cyclobuten-l-yl. 2-cyclopenten-1-yl. 3-cyclopenlen-1-yl. 2,4- 
cyclopentadien-1-yl. 2-cyclohexen-1 -yl, 3-cyclohexen-1-yl, 2,4- 
cyclohexadien-1-yl or 3,5-cyclohexadien-1-yl group, each cycloalkyl or 
cycloalkenyl group being optionally substituted by one. two or three 
substituents selected from halogen atoms, e.g. Iluorine, chlorine, bromine 

10 or iodine atoms, straight or branched C,- G alkyl e.g. Ci- 3 alkyl such as 
methyl or ethyl, hydroxyl or Ci- G alkoxy e.g. Ci- 3 alkoxy such as methoxy or 
ethoxy groups. 

Alkyl groups represented by R G in compounds ol formula (1) include 
,15 straight or branched C,-„ alkyl groups, e.g. C,. 3 alkyl groups such as 
methyl or ethyl groups. 

In the compounds ol formula (1) the groups R3 and/or R" may each 
independently be a group -Ar, -CI-l 2 Ar. -(CH 2 ) 2 Ar or -(CH 2 ) 3 Ar. 



i 
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Monocyclic or bicyclic aryl groups represented by the group Ar in 
compounds of formula (1) include for example Co-12 optionally substituted 
aryl groups, lor example optionally substituted phenyl. 1-or 2-naphthyl. 
indenyl or isoindenyl groups. 



When the monocyclic or bicyclic aryl group Ar contains one or more 
heleroatoms it may bo for example a C i-g optionally substituted heteroaryl 
group containing for example one. two, three or lour heteroatoms selected 
trom oxygen, sulphur or nitrogen atoms. In general, Ar heteroaryl groups 
30 may be lor example monocyclic or bicyclic heteroaryl groups. Monocyclic 
heteroaryl groups include lor example live- or six-membered heteroaryl 
groups containing one. two. three or four heteroatoms selected liom 
oxygen, sulphur or nitrogen atoms. 

35 Examples of heteroaryl groups represented by Ar include pyrrolyl, luryl. 
thienyl, imidazolyl, N-methylimidazolyl, N-ethylimidazolyl, oxazolyl. 
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isoxazolyl, thiazolyl, isulhiazolyl, pyrazolyl, 1 ,2,3-triazolyl, 1,2,4-lriazolyl, 
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1 f 3 ( 4-oxadiazolyl, 
pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, 1,3,5-triazinyl, 1,2,4-trlazinyl, 
1,2,3-triazinyl, benzofuryl, isobenzofuryl, benzothienyl, isobenzothienyl, 
5 indolyl, isoindulyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, 
' quinazolinyl, naphthyridinyl, pyrido[3,4-b]pyridyl, pyrido[3 f 2-bJpyriuyl, 
pyrido[4,3-b]pyridyl, quinolinyl, isoquinolinyl, tetrazolyl, 5,6,7,0-tetra- 
I hydroquinolinyl and 5,6,7,0-letrahydroisoquinolinyl. 

10 The heteroaryl group represented by Ar may be attached to the remainder 
of the molecule of formula (1) through any ring carbon or heteroatom as 
appropriate. Thus, for example, when tfie group Ar is a pyridyl group it 
may be a 2-pyridyl, 3-pyridyl or 4-pyridyl group. When it is a thlenyl group 
it may be a 2-thienyl or 3-thienyl group, and, similarly, when it is a furyl 

1 5 group it may be a 2-furyl or 3-furyl group. 

When in compounds of formula (1) the Ar group is a nitrogen-containing 
heterocycle it may be possible to form quaternary salts, for example N- 
alkyl quaternary salts and the invention is to be understood to extend to 
20. such salts. Thus for example when the group Ar is a pyridyl group, 
pyridinium salts may be formed, for example N-alkylpyridinium salts such 
as N-methylpyridinium. 

The aryl or heteroaryl groups represented by Ar in compounds of formula 
25 (1) may each optionally be substituted by one, two, three or more 
substituents [R 7 ]. The substiluent B 7 may be selected from an atom or 
group R° or -Alk 1 (R 0 ),,, wherein R° is a halogen atom, or an amino (- 
NH2), substituted amino, nitro, cyano, hydroxyl (-Oil), substituted 
hydroxyl, cycloalkoxy, formyl (HC(O)-], carboxyl (-C02H), esterified 
30 carboxyl, thiol (-SH), substituted thiol, -C(0)Alk\ -S0 3 H, -S0 2 Alk 1 , 
-SO2NH2. -SO^NI lAlk 1 , -S0 2 N[Alk 1 ]2, -CONH2. -CONHAlk 1 , -CONlAlk'fe. 
-NIIS0 2 H, -NHS0 2 Alk 1 , -N[S0 2 Alk 1 \ 2% -NHS0 2 NH 2 . -NHS0 2 NHAIk\ 
-NHS0 2 N[Alk 1 ]2 , -NI IC(O)All0 , or -NHC(0)OAIk 1 group; Alk 1 is a straight 
or branclied Ci-oalkylene, C2-calkenylene, or C2-oalkynylene chain 
35 optionally interrupted by one, two, or three -O, or -S- atoms or -S(0)p-, 
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[where p is an integer 1 or 2] or -N(R 6 )- groups; and rn is zero or an 
integer 1 , 2 or 3. 

When in the group -Alk^R 8 ^, m is an integer 1, 2 or 3, it is to be 
5 understood that the subslituent or substituents R° may be present on any 
suitable carbon alom in -Alk 1 . Where more than one R° substituted is 
present these may be the same or different and may be present on the 
same or different carbon atom in Alk 1 . Clearly, when m is zero and no 
subslituent R 8 is present or when Alk 1 forms part of a group such as 
10 -SC^Alk 1 the alkylene, alkenylene or alkynylene chain represented by Alk 1 
becomes an alkyl, alkenyl or alkynyl group. 

When R° is a substituted amino group it may be a group -NI HAlk 1 (R 0a )mJ 
[where Alk 1 and m are as defined above and R 0a is as defined above for 
15 R° but is not a substituted amino, a substituted hydroxyl or a substituted 
thiol group] or a group -NfAlkMR 08 )!,^ wherein each -Alk 1 (R 8a ) m group is 
the same or different. 

When R 8 is a halogen atom it may be for example a fluorine, chlorine, 
20 bromine, or iodine atom. 

When R 8 is a cycloalkoxy group it may be for example a Cs^cycloalkoxy 
group such as a cyclopentyloxy or cyclohexyloxy group. 

25 When R 8 is a substituted hydroxyl or substituted thiol group it may be a 
group -OAIk 1 (R 8a ) m or -SAIk^R 89 ),,! respectively, where Alk 1 , R 8a and m 
are as just defined. 

Esterified carboxyl groups represented by the group R 8 include groups of 
30 formula -CC^Alk 2 wherein Alk 2 is a straight or branched, optionally 
substituted Ci-oalkyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, i-butyl, s-butyl or t-butyl group; a CG-i2ary |C i-oalkyl group such as an 
optionally substituted benzyl, phenylethyl, phenylprupyl, 1 -naphthylmethyl 
or 2-naphthylmethyl group; a Co-i2aryl group such as an optionally 
35 substituted phenyl, 1-naphlhyl or 2-naphthyl group; a CG-i2aiyloxyCi_ 0 alkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxyethyl, 
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1 -iiaphthyloxyinethyl, or 2-iiaphthyloxymelhyl group; an optionally 
substituted Cj-oalkanoyloxyCi-rjalkyl group, such as a pivaloyloxymethyl, 
propionyloxyethyl or propionyloxypropyl group; or a Co-^aroyloxyCi-ealkyl 
group such as an optionally substituted benzoyloxyethyl or 
5 benzoyloxypropyl group. Optional substituents present on the Alk 2 group 
include R 7 substituents described above. 

When Alk 1 is present in or as a substituent R 7 it may be for example a 
methylene, ethylene, n-propylene, i-propylene, n-butylene, l-butylene, s- 
10 butylene, t-butylene, ethenylene, 2-propenyiene, 2-butenylene, 3- 
butenylene, ethynylene, 2-propynylene, 2-butynylene or 3-butynylene 
chain, optionally interrupted jy one, two, or three -O- or -S-, atoms or 
-S(O)-, -S(0) 2 - or -N(RG)- groups. 

15 Particularly useful atoms or groups represented by R 7 include fluorine, 
chlorine, bromine or iodine atoms, or Ci-oalkyl. e.g. methyl or ethyl, C|. 
oalkylamino, e.g. methylamino or ethylamino, Ci'-e hydroxyalkyl, e.g. 
hydroxymethyl or hydroxyelhyl, Ci- 6 alkylthiol e.g. methylthiol or ethyllhiol, 
Ci- 6 alkoxy, e.g. methoxy or ethoxy, Cs-zcycloalkoxy, e.g. cyclopentyloxy, 

20 haloCi-oalkyl, e.g. trifluoromethyl, Ci-6alkylamiiJ0, e.g. methylamino or 
ethylamino, amino (-NH 2 ), aminoCi. G alkyl, e.g. aminomethyl or aminoethyl, 
C^.edialkylamiho, e.g. dimethylamino or diethylamino, nltro, cyano, 
hydroxyl (-OH), fomiyl {HC(O)-], carboxyl (-C0 2 H), -C0 2 Alk2 [where Alk2 is 
as defined above], Ci- 6 alkanoyl e.g. acetyl, thiol (-SH), thioCi- 6 alkyl, e.g. 

25 thiomethyl or thioethyl, sulphonyl (-SO3H), Ci- 6 alkylsulphonyl, e.g. methyl- 
sulphonyl, aminosulphonyl (-S0 2 NH 2 ), Ci- 6 alkylaminosulphonyl, e.g. 
methylaminosulphonyl or ethylaminosulphonyl. Ci. G dialkylaminosulphonyl, 
e.g. di-methylaminosulphonyl or diethylarninosulptionyl, carboxamido 
(-CONH 2 ), Ci. 6 alkylatninocarbonyl, e.g. methylaminocarbonyl or ethyl- 
, 30 aminooarbonyl, C^Gdialkylaminocarbonyl, e.g. dimethylamlnocarbonyl or 
diethylaminocarbonyl, sulphonylamino (-NMS0 2 M). Ci- 6 alkylsulphonyl- 
amino, e.g. methylsulphonylamino or ethylsulphonylamino, Ci- C dialkyl- 
sulphonylamino, e.g. dimethylsulphonylamino or diethylsulphonylamino, 
aminosulplionylamino (-NHS0 2 NH 2 ), C|. G alkylaminosulphonylamino, e.g. 

35 rnethylarninosulphonylatnino or ethylaminosulphonylamino, Ci-odialkyl- 
aminosulphonylamino. e.y. dimethylaminosulphonylamino 01 diethj ...mino- 
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sulphonylamino, C i-oalkanoylamino, e.g. acetylamino, Ci-Galka.ioylainino 
Ci-oalkyl, e.g. acetylarninomethyl or Ci-oalkoxycarbonylamino, e.g. 
methoxycarbonylamino. ethoxycarbonylamino or t-butoxycarbonylamino 
groups. 

5 

Where desired, two R 7 substituents may be linked together to form a cyclic 
group such as a cyclic ether, e.g. a C2-6alkylenedioxy group sucli as 
ethylenedioxy. 

10 It will be appreciated that where two or more R 7 substituents are present, 
these need not necessarily be the same atoms and/or groups. The R 7 
substituents may be present at any ring carbon atom away from that 
attached to the rest of the molecule of formula (1). Thus, for example, in 
phenyl groups represented by Ar any substituent may be present at the 2-, 

15 3-, 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

( In the compounds of formula (1), when an ester gioup is present, tor 
example a group -C02Alk 2 this may advantageously be a rnetabolically 
20 labile ester. 

The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be formed. Suitable salts include 
pharmaceutical^ acceptable salts, for example acid addition salts derived 
25 from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
30 isethionates, arylsulphonates, e.g. p-toluenesulphonates, besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trilluoroacetates, propionates, citrates, maleales, fumarates, malonates, 
succinates, lactates, oxalates, tartrates and benzoates. 

35 Salts derived from inorganic or organic bases include alkali metal sails 
such as sodium or potassium salts, alkaline earth metal salts such as 



i\VO 94/14800 



rCT/U 1193/02627 



9 

rnagnesiurn or calcium salts, and organic amine salts such as moipholine, 
piperidine, dimethylamine or dietliylamine salts. 

Particularly useful salts of compounds according to the invention include 
5 pharmaceutical^ acceptable salts, especially acid addition 
pharmaceutical^ acceptable salts. 

In the compounds of formula (1), the group Y is preferably an -OR 1 group, 
especially where Fl 1 is an optionally substituted ethyl group or, especially, 
10 an optionally substituted methyl group. Especially useful substitutents 
which may be present on R 1 groups include one, two or three fluorine or 
chlorine atoms. 

The group X in compounds of formula (1) is preferably -0-. 

15 

A particularly useful group of compounds of formula (1) has the formula 

(2): 

R 7 0 




20 

where R 2 is an optionally substituted cycloalkyl group; R 3 ,R 4 , and R 5 are 
as defined for formula (1); and the salts, solvates, hydrates and N-oxides 
thereof. 

25 In the compounds of formulae (1) or (2) R 2 is preferably an optionally 
substituted methyl or cyclopentyl group. In particular, R 2 is a cyclopentyl 
group. 

In compounds of formulae (1) or (2) the group R 5 is preferably a hydrogen 
30 atom. 

The group R 3 a..d R 4 in compounds of formulae (1) or (2) is each 
preferably a -CH 2 Ar group, or, especially an -Ar group. 
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■ Particularly useful R 3 orR 4 groups in compounds of formulae (1) or (2) 
include those R 3 or R 4 groups in which Ar is a monocyclic aryl group 
optionally containing one or more heteroatoms selected from oxygen, 
5 sulphur, or, in particular, nitrogen atoms, and optionally substituted by one, 
two or more R 7 substituents. In these compounds, when the group 
represented by Ar is a heteroaryl group it is preferably a nitrogen- 
containing monocyclic heteroaryl group, especially a six-membered 
nitrogen-containing bnleroaryl group. Thus, in one preferred example, the 

,10 groups R 4 and R 5 may each be a six-membered nitrogen-containing 
heteroaryl group. In another preferred example R 4 may be a monocyclic 
aryl group and R 5 may be a six-membered nitrogen-containing heteroaryl 
group. In these examples, the six-membered nitrogen-containing hetero- 
aryl group may be an optionally substituted pyridyl, pyridazinyl, pyrimidinyl 

15 or pyrazinyl group. Particular examples include optionally substituted 2- 
pyridyl, 3-pyridyl or, especially, 4-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5- 
pyridazinyl, 2-pyrimidinyl, 4-pyrirnidinyl, 5-pyrimidinyl, 2-pyrazinyl or 3- 
pyrazinyl. The monocyclic aryl group may be a phenyl group or a 
substituted phenyl group. 

20 . 

One particularly useful group of compounds of formulae (1) or (2) is that 
wherein R 3 and R 4 is each a pyridyl or, especially, a monosubstituted 
pyridyl, or preferably a disubstituted pyridyl group, or R 3 is a phenyl or 
substituted phenyl group and R 4 is a pyridyl or, especially a 
25 monosubstituted pyridyl, or preferably a disubstituted pyridyl group. 

In this particular group of compounds and also in general in compounds of 
formulae (1) or (2), when R 3 and/or R 4 is a substituted phenyl group it may 
be for example a mono-, di- or trisubstituted phenyl group in which the 
30 substituent is an atom or group R 7 as defined above. When the R 3 and/or 
R 4 group is a monosubstituted phenyl group the substituent may be in the 
2-, or preferably 3-, or especially 4-position relative to the ring carbon atom 
attached to the remainder of the moleculn. 

35 When in compounds of formulae (1) or (2) R 3 arid/or R 4 is a substituted 
pyridyl group it may be for example a mono-or disubstituted pyiidyl group, 
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such as a mono- or disut^lituled 2-pyridyl, 3-pyridyl or esppoially 4-pyridyl 
group substituted by one or two atoms or groups R 7 as defined above, in 
particular one or two halogen atoms such as fluorine or chlorine atoms, or 
methyl, methoxy, hydroxyl or nitro groups. Particularly useful pyridyl 
5 groups of these types are 3-monosubstituted-4-pyridyl or 3,5-disubstituted- 
4-pyridyl, or 2- or 4-monosubstituted-3-pyridyl or 2,4-disubstituted-3- 
pyridyl groups. 

A particularly useful group of compounds according to the invention has 
10 the formula (2) wherein R 5 is a hydrogen atom and R 3 and R 4 are as 
defined for formula (1); and the salts, solvates, hydrates and N-oxides 
thereof. Compounds of this type in which R 3 is an optionally substituted 
phenyl, or pyridyl in particular 4-pyridyl, group and R* is a pyridyl 
especially a 4-pyridyl group are particularly preferred. 



Particularly useful compounds according lo the invention are the (E) and 

(Z) isomers of 

' 4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2- 
furanyl)ethenylj pyridine; 



15 



25 



20 



30 



35 



4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2- 
thienyl)ethenyl] pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylelhenyl]-3- 
methylimidazole; 

4-[2-(3-Cyclopentyloxy-4-methoxyptienyl)-2-phenylelhenylJ 
pyridine; 

4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)etlienylJ 
pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-fluorophenyl- 
ethenyl] pyridine; 

4-[2-(3-Cyclopenlyloxy-4-methoxyphenyl)-2-(4-trifluoiomethyl- 
phenyl)ethenyl]pyridine; 

4-[2-(3-Cyclopenlyloxy-4-methoxyphenyl)-2-(2-methoxyplienyl- 
ethenyl)]pyridine; 

4-l2-(3-Cyclopentyloxy-4-inethoxyphenyl)-2-(4-methoxyphenyl)- 
ethenyljpyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-rnethylphenyl) 
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etlienylJpyricJine; 

4-[2-(3-Cyclope«Uyloxy-4-niethoxyphenyl)-2-(3-methylphenyl)- 
otlienyljpyridine; 

4-[2-(3-Cyclopentyloxy-4-.nethoxyplienyl)-2-(3-cyclopentyloxy-4- 
methoxyphenyl)ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenyletlienyl]-3,5- 
dichloropyridine; 

2-[2-(3-Cyclopentyloxy-4-melhoxyphenyl)-2-phenylelhenyl] 
pyridine; 

4-[1-(3-Cyclopentyloxy-4-rnethoxyphenyl)-2-(4-pyridyl) ethenyl) 



aniline; 

4-(1-(3-Cyclopenxyloxy-4-niethoxyphenylO-2-(4-pyridyl)etheuyll 
benzoic acid; 

Btiyl N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 

i 15 ethenyllphenyl)carbatnate; 

N-(4.[1-l3-Cyclopentyloxy-4-methoxyphenyl)-2(4-pyrklyl)ellienyl] 

phenyl)N'-ethylurea; 

N-l4-t1-(3-Cyclopentyloxy-4-«MeUioxyphenyl)]-2-(4-pyridyl)ethenyl} 
phenylacetamide; 

20 3- l2 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-plienyleUienyl] 
pyridine; 

4-[2-2(3-Cyclopentyloxy-4-rnethoxyphenyl)-2-plienyleUienyl) 
pyrimidine; 

4-[2-(3-Cyclopentyloxy-4-tnethoxyphenyl)-2-(4-liydroxymelhyl- 

25 phenyl)elhenyl]pyridine; 

4-l1-(3-Cyclopentyloxy-4-rnethoxyplienyl)-2-(4-pyridyl)etlienyl] 

benzamide; 

Ethyl-4-l1-(3-Cyclopentyloxy-4-methoxyplienyl)-2-(4-phenyl- 
ethenyljbenzoate; 

30 N . l 4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl) 
phenyljmelhnnesulpl tonamide; or 

each (E) or (Z) isomer thereol; and ihe sails, solvates, hydrates and 
N-oxides thereol. 
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Compounds according to the invention are selective and potent inhibitors 
of PDE IV. The ability of the compounds to act in this way may be simply 
determined by the tests described in the Examples hereinafter. 

5 The compounds according to the invention are thus of particular use in the 
prophylaxis and treatment of human diseases where an unwanted 
inflammatory response or muscular spasm (for example bladder or 
alimentary smooth muscle spasm) is present and where the elevation of 
cAMP levels may be expected to prevent or alleviate the inflammation and 
10 relax muscle. 

Particular uses to which the compounds of the invention may be put 
include the prophylaxis and treatment of asthma, especially inflamed lung 
associated with asthma, cystic fibrosis, or in the treatment of inflammatory 

15 airway disease, chronic bronchitis, eosinophilic granuloma, psoriasis and 
other benign and malignant prolifeiative skin diseases, endotoxic shock, 
septic shock, ulcerative colitis, Crohn's disease, reperfusion injury of the 
myocardium and brain, inflammatory arthritis, chronic glomerulonephritis, 
atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes 

20 insipidus, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 
arterial restenosis and atherosclerosis. 

Compounds of the invention also suppress neurogenic inflammation 
through elevation of cAMP in sensory neurones. They are, therefore, 
25 analgesic, anti-tussive and anti-hyperalgesic in inflammatory diseases 
associated with irritation and pain. 

Compounds according to the invention may also elevate cAMP in 
lymphocytes and thereby suppress unwanted lymphocyte activation in 
30 immune-based diseases such as rheumatoid arthritis, ankylosing 
spondylitis, transplant rejection and graft versus host disease. 

Compounds according to the invention have also been found \o reduce 
gastric acid secretion and therefore can be used to treat conditions 
35 associated with hypersecretion. 
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cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets 
may be coated by methods well known in the art. Liquid preparations for 
5 oral administration may take the foim of, (or example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution 
• with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutical^ acceptable 
additives such as suspending agents, 'emulsifying agents, non-aqueous 
10 vehicles and preservatives. The preparations may also contain buffer 
salts, flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

15 

' For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

1 ,The compounds for formula (1) may be formulated for parenteral 
20 administration by injection e.g. by bolus injection or infusion. Formulations 
i for injection may be presented in unit dosage form, e.g. in glass ampoule 
or mulli dose containers, e.g. glass vials. The compositions for injection 
may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as 
25 suspending, stabilising, preserving and/or dispersing agents. 
Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 

I In addition to the formulations described above, the compounds of formula 
30 (1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. 

For nasal administration or administration by inhalation, the compounds 
35 for use according to the present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
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with the use ol suitable propellant, e.g. dichlorodilluoromethane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas or mixture of gases. 

b The compositions may. if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 

10 The quantity of a compound of the invention required foi the prophylaxis or 
treatment of a particular Inflammatory condition will vary depending on the 
compound chosen, and the condition of the patient to be treated. In 
general, however, daily dosages may range from around 100ng/kg to 
100mg/kg, e.g. around 0.01mg/kg to 40mg/kg body weight for oral or 

15 buccal administration, from around 10ng/kg to 50mg/kg body weight for 
parenteral administration and around 0.05mg to around 1000mg e.g. 
around 0.5mg to around 1000mg for nasal administration or administration 

i by inhalation or insufflation. 

20. The compounds according to the invention may be prepared by the 
following processes. The symbols Y, R 2 , R 3 , R 4 , R 5 , and X 1 , when used in 
the formulae bolow are to be understood to represent those groups 
described above in relation to formula (1) unless otherwise indicated. In 
the reactions described below it may be necessary to protect reactive 

25 functional groups, for example hydroxy, amino, thlo, or carboxy groups, 
, wtiere these are desired in the final product, to avoid their unwanted 
participation in the reactions. Conventional protecting groups may be 
used in accordance with standard practice [see, for example, Green, T. W. 
in "Protective Groups in Organic Synthesis" John Wiley and Sons, 1981.) 

30 It may be mat deprotection will form the last step in the synthesis ol 
compounds of formula (1). Thus, in one example, compounds of formula 
(1) wherein R 3 and/or contains a carboxylic acid group may be 
prepared by deprotecting the corresponding compound wherein R 3 and/or 
R4 contains a protected carboxyl group, such as an oxazolinyl group, e.g. 

35 4,4-dimethyl-2-oxazoliny', in the presence of a base, e.g. sodium 
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1 hydroxide, in an acid solvent e.g. aqueous hydrochloric acid, at an 
elevated temperature, e.g. the rellux temperature. 

Thus according to a further aspect of the invention, a compound of formula 
5 (1) may be prepared by dehydration of an alcohol of formula (3): 



n 2 x 




using an acid or base-catalysed elimination. 

10 

Suitable acids include for example phosphoric or sulphonic acids, e.g. 4- 
toluenesulphonic acid. Hie reaction may be performed in an inert organic 
solvent, for example a hydrocarbon such as toluene, at an elevated 
temperature, for example the reflux temperature. Base catalysed 
15 elimination may be performed using for example trifluoroacetic anhydride 
in the presence of an organic base such as triethylamine at a low 
temperature e.g. from around 0°C to ambient temperature, in a solvent 
such as dichloromethane or tetrahydroduran. 

20 In certain instances, the reaction conditions used may also cleave the 
group R 2 in the starting material of formula (4) to yield a compound of 
formula (1) where R 2 is a hydrogen atom. Such compounds may be 
converted to the required compound of formula (3) by a further process 
according to the invention using a halide R 2 Hal (where Hal is a halogen 

25 atom such as a bromine or chiurine atom) where necessary in the 
presence of a base such as caesium or potassium carbonate or an 
alkoxide such as potassium t-butoxide, in a dipolar aprotic solvent such as 
an amide, e.g. a substituted amide such as dimethylforrnamide at ambient 
temperature or above e.g. around 40°C to 50°C. 

30 

Intermediates of formula (3) may be prepared by reaction of a ketone of 
formula (4): 
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to 



Y 




C(0)R 3 



with an organometallic reagent R 4 R 5 CHZ wliere Z is a metal atom. 

5 Metal atoms represented by Z include, lor example, a lithium atom. 

The reaction may be performed in a solvent such as an ether, e.g. a cyclic 
ether such as tetrahydrofuran, at a low temperature, e.g. around -70°C to 
ambient temperature. This reaction is particularly suitable lor the 
10 preparation of compounds of formula (1) wherein R 4 is an electron 
deficient group such as a 2- or 4-pyridyl group. 

Reagents R 4 R 5 CI IZ are either known compounds or may be prepared, 
preferably i n situ during the above process, by reaction of a compound 
15 AlkCH 2 Z [where Alk is an alkyl group such as a n-propyl group] with a 
compound R 4 R 5 CH 2 where necessary in the presence of a base such as 
an amine e.g. diisopropylamine using the above-mentioned conditions. 

Ketones of fotmula (4) may be prepared by oxidation of a corresponding 
20 alcohol of formula (5): 



using an oxidising agent such as manganese dioxide in a solvent such as 
25 dichloromethane at ambient temperature. 

Alternatively, ketones ol formula (4) may be prepared by reaction of a 
halide of formula (6): 




(5) 
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using a compound R 2 Ual [where Hal is as previously defined) using the 
reagents and condilions described herein above for the alkylation of 
intermediates of formula 4. 

5 Intermediates of formula (0) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 

I lalldes of formula (C) may be piepared by alkylation of a compound of 
10 formula (9): 




, using the reagents and conditions discussed above in relation to the 
15 alkylation of aldehydes of formula (8). 

Halldes of formula (9) where X is -0- may be prepared by oxidation of an 
aldehyde of formula (10): 



20 




using an oxidising agent such as 3-chloroperoxybenzoic acid in a 
halogenated hydrocarbon such as chloroform at a temperature from 
around 0°C to room temperature. 

25 

Aldehydes of formula (8) and halides of formula (10) where X is -S- or 
-N(R6). are either known compounds or may be prepared from known 
starting materials by methods analogous to those used for the preparation 
of the known compounds. 

30 
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In yet another aspect of the invention, compounds of formula (1) may be 
obtained by coupling a compound of formula (11) 




in a I leek reaction with an oryanopalladium compound derived from a 
compound R^l lal [where Hal is a halogen atom, such as a bromine atom] 
and a palladium salt, such as palladium acetate, in the presence of a 
phosphine such as tri-o-tolylphosphine and a base such as triethylamine 
10 at an elevated temperature and pressure. 

Intermediate alkenes of for, tula (11) may be obtained by reaction of a 
corresponding ketone of formula (4) (described herein above) using a 
Wittig reaction employing a phosphonium salt such as rnethyltri- 
15 phenylphosphonium bromide in the presence of a base such as n- • 
butyllithium and in ineit solvent such as telrhydrofuran at, for example, 
0°C to ambient temperature. 

In a further process according to the invention a compound of formula (1) 
20 may be prepared by dehydrogenation of a compound of formula (12): 



n 7 x 




where R is a hydrogen atom, 
25 using a dehydrogenating reagent. 

Suitable dehydrogenating reagents include for example quinones such as 
2 ( 3-dichIoro-5,6-dicyano-1 ,4-benzoquinone, in a solvent, e.g. dioxane, at 
an elevated temperature, e.g. the reflux temperature. 

30 
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Compounds of formula (12) may be prepared by cyclisation ol a 
' co.npound of formula (13) 



where R is a carboxylio acid [-CO2I I] group or a reactive derivative 
thereof; or a nitrile [-CN] or an inline salt with a bifunctional reagent 
W 1 R /1a W2 and, where necessary, a compound R /,b W 3 (where W 1 , and 
W 3 ( which may be the same or different, is each a reactive functional 
10 group or a protected derivative thereof; and f\ Aa and R 4b are components 
of the heteroaryl group R 4 such that when added together with W 1 , W 2 
and W 3 to the group R in compounds of formula (15) the resulting group 
-RW*R 4a W 2 or -RWtR 4a W 2 R 4b W 3 constitutes the heteroaryl group R 4 ]. 

15 Reactive derivatives of caiboxylic acids for use in this reaction include acid 
halides, (e.g. acid chlorides), amides, including thioamides, or esters, 
including thioesters. Imine salts include for example salts of formula [e.g.- 
C(OAIk)=NH2 + A*, where Alk is a Cj^alkyl group and A- is a counterion 
e.g. a chloride ion]. 



In this general reaction the reactive functional groups represented by W 1 , 
W 2 or W 3 may be any suitable carbon, nitrogen, sulphur or oxygen 
nucleophiles. Particular examples include simple nucleophiles such as 
carbonions [e.g. generated by the coupling of an alkyl group with an 
25 organometallic compound], amino, thiol and hydroxyl groups. 

In general, the cyclisation reaction will initially be performed in a solvent, 
for example an inert solvent such as a halocarbon, e.g. dichloromethane, 
an ether, e.g. a cyclic ether such as tetrahydrofuran, or a hydrocarbon, 
30 e.g. an aromatic hydrocarbon such as toluene, from a low temperature, 
e.g. around -70°C, to around the reflux temperature, where necessary in 
the presence of a base or a thiation reagent, e.g. LawessorVs reagent, 




(13) 
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followed if necessary by heating, to an elevated temperature, e.g. the 
reflux temperature. 

Thus, in one particular example, compounds of formula (12) wherein R 4 is 
5 a benzothiazolyl, benzoxazolyl or benzimidazolyl group may be prepared 
by reaction of a compound of formula (13) where R is an acid halide, e.g. 
acid chloride, with a reagent W 1 R 4a W 2 which is 2-aminothiophenol, 2- 
hydroxyphenol, or 1,2-diaminobenzene respectively in the presence of a 
base e.g. an organic amine such as pyridine, in a solvent e.g. a 
10 halocarbon such as dichloromethane, from around -70°C to the reflux 
temperature.. 

In another example of the general cyclisation process, a compound ol 
formula (13) where R is an acid halide as described above may be reacted 
15 with a compound W 1 R 4a W 2 which is a monoalkylmalonate, e.g. ethyl 
hydrogen malonate, followed by reaction with a compound R^W 3 which is 
hydrazine to give a compound of formula (1) wherein R 4 is a 5- 
hydroxypyrazolyl group. 

i 20 In another variation of the cyclisation process, the halide of formula (13) 
may be reacted with a compound W 1 R 4a W 2 which is BrMg(CH 2 )3l- 
0(CH2)20-] followed by reaction in an acid solution with a compound 

! R^W 3 which is methylamine to yield a compound of formula (1) wherein 
R 4 is a N-methyl pyrrole group. 

25 

In a further example of the cyclisation process, the halide of formula (13) 
may be reacted with a compound W 1 R 4a W 2 which is H2NNHCSNH2 in an 
aromatic hydrocarbon such as toluene, at an elevated temperature, e.g. 
around 150°C, followed by treatment with a base, e.g. an inorganic base 
30 such as sodium bicarbonate to give a compound of formula (12) wherein 
R 4 is a 1 f 2,4-lriazolyl-5-thiolate group. 

intermediate compounds of formula (13) are particularly useful and form a 
further aspect of the invention. Active derivatives of the acids of formula 
35 (13) and other compounds of formula (13) where R is a nitrile or an imine 
salt may be prepared from the corresponding acids [where R is -CO2HI 
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using conventional procedures lor converting carboxylic acids to such 
compounds, for example as described in the Examples hereinafter. 

Acids of formula (13) [where R is -C0 2 HJ may be prepared by hydrolysing 
5 a diesler ol formula (14) 



(14) 

where Alk is a Ci-^alkyl group, e.g. an ethyl group, with a base, e.g. 
10 sodium hydroxide, in a solvent, e.g. dioxane, at an elevated temperature, 
e.g. the reflux temperature, followed by acidification at an elevated 
temperature. 

Diesters of formula (14) may be prepared by reacting a diester ol formula 
15 (15) 




U l=C(C0 2 Alk) 2 

(15) 

with an organometallic reagent, such as a Grignard reagent using the 
conditions described above for the preparation of alcohols of formula (3) 
20 (where R is a hydroxy group). 

In another process according to the invention, a compound of formula (12) 
may be prepared by alkylalion of a compound of formula (16): 




cn(n 3 )ci nn^n*) 

25 06) 
using a reagent R 2 L, where L is a leaving group. 



i 



WO 94/14800 



rCT/UD9 J/02627 



25 



Leaving groups represented by L include halogen atoms such as iodine or 
chlorine or bromine atoms or sulphonyloxy groups such as 
arylsulphonyloxy groups, e.g. p-toluenesulphonyloxy. 

' 5 • The alkylation reaction may be carried out in the presence of a base, e.g. 
an inorganic base sucfi as a carbonate, e.g. caesium or potassium 
carbonate, an alkoxide, e.g. potassium-t-butoxide, or a hydride, e.g. 
sodium hydride, in a dipolar aprotic solvent such as an amide, e.g. a 
substituted amide such as dimethylformamide or an ether, e.g. a cyclic 

10 ether such as tetrahydrofuran, at ambient temperature or above e.g. 
around 40°C to 50°C. 

Intermediates of formula (16) may be obtained from the corresponding 
protected compound of formula (17): 



wherein X 1 is a protected hydroxy, thio or amino group using conventional 
procedures [see Green, T. W. Mcfl. Thus, for example, where X is a t- 
20 butyldimethylsilyloxy group, the required hydroxyl group may be obtained 
by treatment of the protected intermediate with tetrabutylarnmonium 
fluoride. The protected intermediate of formula (16) may be prepared in 
an analogous manner to the compounds of formula (I) using the reactions 
described herein and appropriately protected intermediates. 



Compounds of formula (15) may be prepared by condensing an aldehyde 
of formula (7) with a malonate, e.g. diethylmalonate, if necessary in the 
presence of catalysts, e.g. piperidine and acetic acid, in an inert solvent, 
e.g. toluene, at elevated temperature, e.g. the reflux temperature. 



Compounds of formula (1) may also be prepared by interconversion of 
other compounds of formula (1). Thus, for example, a group represented 
by H 3 or h ,n compounds of foimula (1) may be substituted in the aryl or 



15 



x 




(17) 
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heteroaryl portions by any of llie groups R 7 by an appropriate substitution 
reaction using the corresponding unsubstltuted compound ol formula (1) 
and a R 7 containing nucleophile or eleclrophile. 

I 5 In another example of an interconversion process a compound of formula 
(1) wherein the aryl or heteroaryl group in R 3 or R 4 contains a -CH2NM2 
substituent may be prepared by reduction of a corresponding compound 
wherein R 5 contains a nitrile group, using for example a complex mntal 
hydride such as lithium aluminium hydride in a solvent such as an ether 
10 e.g. diethylether. 

In a further example, a compound of formula (1) wherein the aryl or 
heteroaryl group in R 3 and/or R 4 contains an alkanoylamino or 
alkanoylaminoalkyl subst luent may be prepared by acylation of a 
15 corresponding compound wherein R 3 and/or R 4 contains a -NH2 or 
alkylamino group by reaction with an acyl halide in the presence of a base, 
such as a tertiary amine e.g. triethylamine in a solvent such as 
dichloromelhane. 



20. In yet another example of an interconversion process, compounds of 
formula (1) wherein R 3 and/or R 4 is substituted by an ester (C02Alk 2 ), e.g. 
an ethanoate, may be prepared by esterification of a corresponding 
compound wherein R 3 and/or R 4 contains a carboxylic acid, using an acid 
halide, such as an acid chloride, e.g. acetyl chloride, in an alcohol, such as 

25 ethanol, at an elevated temperature, such as the reflux temperature. 

Compounds of formula (1) wherein R 3 and/or R 4 is substituted by a 
carboxylic acid may be prepared from the corresponding compound 
wherein R 3 and/or R 4 contains a formyl group, by oxidation with an 
30 oxidising agent, e.g. potassium permanganate, in a solvent, such as an 
alcohol, e.g. tert-butanol, at ambient temperature. 

In a further interconversion reaction, compounds of formula (1) wherein R 3 
and/or R 4 is substituted by an aminoalkyl group, such as dimethyl- 
35 arninomethyl, may be prepared by reductive amination of a corresponding 
compound wherein R 3 and/or R 4 contains a formyl group, using an amine, 
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The alcohol (prepaied above) (13.4q 44 Ommnh r , 

(150m., and treated with MnO ? (22^ "^J™*^™*™** 

vigorously stirred at RT for iHh,, C "° n m,x,ure wa * 

«<* U,en ,„, ered lllrougl , Celilew and ooS^-^ZT'T 
was recrystallised Irorn EIOH lo allord iho ,im= „ UUaaa 1he reslc,u e 
crops, as a whi,e crys.aHine 30^"%^™ /"^/f 
br-m. (C* W . 3.68 ,3H. s, OMe,. -Jo ,1H. bnn, OcS S3 < , 
" J M Hz Aru ^ , 0 OMe,, and 7 . 25 . 70 (71 , „ oi l 

<3ot^, 29 :r; 229 ™ ™ <-* - <->• " > 
2 o , T :n::r 2 s , iniermedia,e was ~ * * — * 

( o,a, 5 .o,„::! ,e c ;, r ; z P ;Ts^to:r ,oxy r awe,,yde 
- ( , 43g , a L:ci ;r s c% 8 3 : ) r: 

C20H22O4 requires C, 73 GO- I I rtq./! , ".6.06. 

mixture was allowed to warm slowiv .„ ™ . reaction 

The residue was d..,3olved in Ft- o rs?nn,„h , "»«*«a /OJ^j,^. 

eu m Lt^O (200.nl) and washed with 1M sodium 
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( sulphite solution (2x200ml) then NaNC0 3 lhall saturatedj (3x200ml). The 
ether layer was washed with 10% aqueous NaOII (3x100inl) and the 
combined basic extract was acidified with concentrated hydrochloric acid 
and extracted witli Et 2 0 (3x1 00ml). The combined organic extract was 

5 dried (MgSO-t) and tlorisil (10g) filtered and the solvent removed under 
reduced pressure to give the iUlejsojucojiDi! (90p) as a pale brown solid. 

I NTERMEDIATE 4 
! 4-Bromo-2-c yclopen tylox yan1sole 

10 Intermediate 3 (90g)was dissolved in DMF (300ml), and treated with 
CS2CO3 (158g, 490mrnol), and cyclopentyl bromide (73g, 52.5ml, 
490mmol). Alter stirring overnight, further CS2CO3 (35g, 107mmol) and 
cyclopentylbromide (12ml, 16.7g, 112mmol) were added and stirring 
continued for 2h. Further portions of cyclopentylbromide (10ml) and 
■ 15 Cs 2 C0 3 were then added (14g). Alter stirring for 1h, the DMF was 
evaporated in vacuo and the residue diluted with water (200 ml) and 
extracted with Et 2 0 (3x1 00ml). The combined organic extract was washed 
with NaOII solution (5%, 2x100ml), water (100ml), then dried (MgSCM) 
and the solvent evaporated in va cuo to give a red oil which was distilled 

20 (140°C, 0.3mbar) to afford the title com pound (101g) as a colourless oil 
(Found: C, 53.11; H, 5.53. Ci 2 Hi 5 Br02 requires C, 53.15; H. 5.58%). 

INTERMEDIATE 5 

(3-Cyclopent vloxv^Mnetho xvp|ienvlK4^PYrlUYl)Kelaug 

25 n-BuLi (1.45M in hexanes; 19.6ml, 28.4mmol) was added dropwise at 
-70°C to a solution of Intermediate 4(7.0g, 25.8mmol) in THF (50ml). 
After stirring for 0.25h, a solution of 4-cyanopyridine (3.08g, 29.7mmol) in 
THF (15ml) was added and maintained at -70°C for 0.75h. The reaction 
mixture was then allowed to warm to -10°C and quenched with aqueous 

30 HCI (10%; 60ml). The mixture was stirred for 0.5h, basified with aqueous 
NaOH (10%, 70ml), and extracted with Et 2 0 (3x70ml). The extract was 
washed with brine (100ml). dried (MgSO*). and concentrated in vasiiSL 
The residue was subjected to chromatography (Si0 2 ; EtOAc/hexane, 4:1) 
to alford the lillSLCfiUlPiiiilid. (6.34y) as a while powder. 6| | (CDCI3) 1.5-1.9 

35 (OH. br m, (CfcUM. 3.90 (311. s. OMe). 4.82 (1H. br m, OCHCH 2 ). 6.84 
(111, d, J. 0.4 Hz, Ari l ortho to OMe) 7.29 (111. dd. A 8.4, 2.0 Hz, ArLlRaia 
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to cyclopentyloxy). 7.4-7.55 (311, rn. ArH. prthp to cyclopentyloxy + 
pyridine Jhb. Lis), and 8.73 (21 1, dd, J 4.4 Hz, 1.5 Hz, pyridine tb, Lb). 

INTERMEDIATE 6 
5 (E ) and fZ) Is omers jjJJblldMy^ 
etlienvllpyrldlne 

Intermediate 8 (0.72g, 1.85mrnol) in toluene (120ml) containing 4- 
toluenesulphonic acid (0.08g, 4.6mmol) was heated to rellux in a Dean- 
Stark apparatus for 18h. The cooled reaction mixture was treated with 

10 aqueous NaOH (10%) then taken to pl l 7 with concentrated hydrochloric 
acid. The mixture was extracted with CH 2 CI 2 (3x40ml), the extract 
washed with sah-ated Mal lC0 3 (100ml), and Na 2 C0 3 (10%;2x60ml), then 
dried (MgS0 4 ), and concentrated in vacuo to allord the title coniftojimi 
(0.4g) as a yellow foam; 8| i (CDCI 3 ) (major isomer) 3.88 (3H, s, OMe), 6.6- 

1 5 6.9 (6H, m, ArH ortho to OMe + 2xArtl ilifila to'OMe + C=Ctl + pyridine 
Lb, Lb), 7.08 (2H, dd, J_ 4.6, 1.6 Hz, pyridine tb. tb). 8.30 (211, dd, J. 4.5. 
1.6 Hz, pyridine JLb, tic), and 8.51 (2H, dd, J 4.4, 1.6 Hz, pyridine tb. tie), 
(the minor isomer displays a signal at 8 3.90 (3H, s, OMe)), 

20 INTERMEDIATE 7 

a) ( h)-4-t2-(3-Cvclopeiitvloxy-4-methoxvph envn-2-llvUrox v - 2- 

plienylelhyll pyridine 

O-Buli (1.4M in hexanes; 2.7ml, 3.7mmol) was added dropwise at -70°C to 
a solution of 4-methylpyridine (0.35g, 3.72mmol) in THF (20ml). Alter 

25 0.5h, a solution of Intermediate 2 (1.00g, 3.30mmol) in THF (4ml) was 
added over 5 min at -70°C, the mixture stirred lor 1h at this temperature 
then allowed to warm to ITI* over 2h. The reaction mixture was partitioned 
between Et 2 0 (50ml) and water (50ml) and the organic Inyer was 
separated. The aqueous layer was furthei extracted with Et 2 0 (2x40ml) 

30 and trie combined organic extract was dried (MgS0 4 ) and concentrated in 
vacuo. The residue was subjected to chromatography (Si0 2 ; EtOAc- 
hexane) to alford, first. Intermediate 2 (300mg) then the JMIbj^pqujiU 
(730my) as a while solid, m.p. 148-1 49°C (toluene-hexane) (Found : C, 
77.32; H, 7-04; N, 3.50. C25H27O3 requires C. 77.09; I I. 6.99; N. 3.60%), 

35 5 H (CDCI3) 1 .4-1.9 (8H. br, rn. (Ctb)n), 2.3 (1H. v.br.s, Otl exchanges with 
D 2 0), 3.51 (2H. s. CLb pyridine). 3.70 (311. s. OMe). 4.60 (111. br. m, 
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OCLiCHa), G.G5-G.9 (511. in) and 7.15-7.4 (51 1, rn) (At 1 1 ortho to OMe -i- 
2xArH mela to OMe + C 6 _s+ pyridine Lb, tb), and 8.22 (2H, dm, J 4.5Hz, 
pyridine ]£,, H 6 ) : m/z 389 (M+ 3%), 298 (15), 297 (69), 229 (27), 220 (37)'. 
151(43). 105(100). 93(52). 77(24). and 41 (14). 

The following compounds were prepared in a manner similar to 
Intermediate 7a. 



15 



10 Plienvlfllliyl] pja-ZiQ- 

From 2-methylpyrazine (1.0ml, llOmmol) and Intermediate 2 (3 24g 
1 1.Ommol). Trituration with Et 2 0 gave the liile_£ Qmm Mld (0.885g) as a 
while solid. 6 H (CDCI 3 ) 1.45-1.9 (8H, br, m, (C_b) 4 ), 3.73 (2H, s, CJJ 2 
pyrazine), 3.80 (3H, s, OMe), 4.68 (1H, br, m, OCHJ. 6.22 (1H, br s, OIJ), 
6-73 (1H, d, J 0.4 Hz, ArH_ ojUjq to OMe), 6.89 (111, dd, a 0.4, 2.0Hz ArjJ 
P3ia to cyclopentyloxy), 7.0 (111, d, _ 2.0Hz, ArU oj__a to cyclopentyloxy, 
7.1-7.5 (5H, m, Cetls), and 0.37 (3H, s, pyrazine tb, tk tfe). 

1 

c) q)=-dg-3_CjLCifli^ 
20 Plie nvlethvn-a.s-dichiorp pyjjjiijjo 

from Intermediate 11 (2.0g, 12.3mmol) and Intermediate 2 (3.65g, 
' 12.3mmol). Purification by column chromatography (SiO 2 ;0-2% MeOH/ 
CH 2 CI 2 ) afforded the Me.tOiriPiiujKf. (1.74g) as a white solid rn p 129- 
130OC. 6 H (CDCb) 1-5-1.9 (811, br. ,n, (C]j 2 )<), 2.65 (11 i, br s, OtU. 3 85 
(3H, s, OMe), 3.92 (1H, d, J MHz, CJJaHb pyridine), 3.98 (1H d J 14 Hz 
CHaUb pyridine), 4.57 (11 1. br. m. OCU), 6.7-6.9 (311, m, ArH QtihD + 2x 
ArlJ nifila to OMe), 7.2-7.4 (51 1, m. Cetis). and 8.36 (211, s, pyridine tb, 
He). 

30 ,d) 4.f2-H-Brotng j J i 1 ejiyJJb2^ 
M droxvettiy llpyrldjiiP 

( From 4-picoline (2.0ml. 1.90g. 20.4mmol) and Intermediate 26 (7 30y 
19.5mmol). Purification by column chromatography (Si0 2 ; gradient elulion 
50-75%. EtOAc/hexane) gave the litLej;ijmpj2ULKl (7.77g) as a pale yellow 

35 foamy, solid. Found:' C. .3.02; I I. 5.50; N. 2.96. C 25 H 20 BrNO 3 requires 
C, 64.11; H. 5.60; N. 2.99%. 5,, ( C DCI 3 ) 1.5-1.9 (8H, br. m. (Ob),) 2 7 
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i 

'( II I, br s, ONI, 3.46 (III, d, A 13. II Iz, CLi A H B pyridine), 3.54 (1H, d, J 13.1 
Hz, CHaHb pyridine), 3.02 (311, s, OMe), 4.64 (1H, br m, OCL1). 6.75-6.9 
(511. m, CgIJj + pyridine Lb. ids). 7.21 (2H, cjl d. U 8.7Mz. Arid of C 6 H 4 ), 
and 8.29 (2H. cjj. d, d 6.0Hz, pyridine [h, Lie): v„ m . (CDCI 3 ) 3604, 1605, 
1513, and 1256 cm- 1 ; m/L (ESI) 470 (M+ +2, 20%), 468 (M + . 18), 377 
• (52). 375 (55). 95 (13). and 91 (100). 

e ) (±)- 4-(2-(3-Cvcloo entvloxv-4-iiieUioxy phenvl)-2-f4-f4.4- 
ddmejiurL^ 

From 4-methylpyridine (1.45g, 1.52ml, 15.6mmol) and Intermediate 14 
(5.82y, 14.9mmol). Trituration with Et 2 0 gave the title comoiinri , (6.6 1g) 
as an off-white solid. 8n (CDCI 3 ) 1.37 (6H, s, CM©). 1.55-1.8 (8H, m, 
(CLb)«i), 2.7 (111, v. br s, Old). 3.56 (2H, br s, CHj? pyridine), 3.82 (3H, s, 
OMe), 4.10 (2H, s, oxazoline CLI2). 4.63 (1H, m, OCH), 6.75-6.9 (5H, m, 
Arid). 7.37 (2H, d, J. 8.6Hz, pyridine Lb. Lis). 7.85 (2H, d, J. 7.3Hz, Arid 
QfJiiQ to oxazoline) and 8.29 (211, br s, pyridine Lb. Lie); v max . (CDCI3) 
3603. 1649, 1512, and 1257 cnr 1 ; m/z (ESI) 487 (M+ +1, 100%), and 394 
(61). 

') 4-f2-(3-Cvclo pentvloxy -4-tnetlioxy oheiivl)-2-livdroxy -2-(2- 
tfilenvl)e»iy llpyrldl||g 

From 4-picoline (0.94g, 10.1mmol) in THF (80ml) and Intermediate 18 
(3.06g, 10.1mmol) in THF (20ml). Chromatography (Si0 2 ; Et 2 0 to 
EtOAc/hexane, 4:1) afforded the title compound (3.32g) as a whue foam 
m.p. 57-67°C (Found C, 69.82; I I, 6.42; N, 3.41. C23H25NO3S requires 
C, 69.85; II, 6.37; N. 3.54%); 5 H (CDCI 3 ) 1.5-2.0 (8H, m, (CLb)*), 3.0 
(111, br s, OIJJL 3.50 (111, d, J. 13.2Hz pyridine CLIaUr), 3.58 (111, d, J. 
13.2Hz, pyridine CHaMd). 3.83 (3I I. s, OMe). 4.64 (111, m, OCJLD.6.75-6.8 
(1 H, rn, Arid of C 6 H 3 ), G.05-7.05 (GH, m, 2xArJd of C 6 H 3 + pyridine Lb. Lis + 
thiopheneLb. LLt), 7.25 (111, dd, J_ 4.7, 1.7Hz. Ihiophene Lis), and 8.29 
(2H, s& d, J 6.0Hz, pyridine H 2 , L1g) : II]/z (ESI) 410 (M + + Na, 10%), 396 ( 
(M + + 1. 100), 303 (35). 95 (12). and 94 (72). 

The alcohol was then dehydrated using the procedure described in 
Example 7. 
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, INTERME DIAT E 0 

• ( ±)-4-ri-(3-CvcloDenlvloxv-4-ineUioxvpHenvl)-1-livdroxv-2-(4-uvrldvl) 
etn y llpyrl dlne 

I n-BuLi (t.45M.in hexanes; 5. 1ml.7.4 Immol) was added dropwise at -70°C 
5 to a solution of 4-methylpyridine (0.69g, 7.4 Immol) in THF (20ml). Alter 
0.5h a solution of Intermediate 5 (2.0g, 6.73mmol) in THF (10ml) was 
added dropwise over 5 min. The reaction mixture was stirred for 0.5h at 
-70°C then at RT for 0.5h. Water (50ml) was added and the mixture 
extracted with ElOAc (3x60ml). The .extract was washed with urine 

10 (80ml), dried (MgS0 4 ), and concentrated in vacuo. The residue was 
subjected to chromatography (SI0 2 ; EtOAc to EtOAc/CHaOH, 9:1) to 
afford the title compound (2.33g) as a white amorphous solid m.p. 99- 
103°C; 6h (CDCI 3 ) 1.5-2.0 (9H, br, rn. (Chb) 4 + OH), 3.49 (2H, d, J 2.3 Hz, 
Chb COH), 4.65 (111, br m, OCH.CI l 2 ), 6.7-6.9 (5H, m, ArH ortho to OMe+ 

15 2xArH meta to OMe + pyridine Jtb, lis), 7.20 (2H, dd, 1 4.6, 1.6 Hz, 
pyridine H3. lis). 8-22 (211, dd, i 4.6, 1.6 Hz, pyridine Ik, lie), and 8.40 
(2H, dd, J. 4.6, 1.6 Hz, pyridine hb. Be); m/z 390 (M+ 3%), 298 (21), 297 
(14), 230 (21), 229 (91). 151 (100), 106 (22), 93 (27), 78 (12), and 41 (23). 

20 INTERMEDIATE 9 

1 -(3-C vclopentvloxy-4-metlioxvpheny - plien vlelhcng 

To a cold suspension (0°C) of methyl triphenylphosphonium bromide 
(53.6g; 0.15mol) in THF (500ml) under a nitrogen atmosphere was added 
n-BuLi (1.6M in hexanes; 94ml, 0.15mol) dropwise and the reaction 

25 mixture stirred at 0°C for 1h. A solution of Intermediate 2 (29.6g, 0.1mol) 
in THF (100ml) was added dropwise and the stirred reaction mixture 
allowed to warm to RT over 3h. The mixture was poured into 10% NII4CI 
solution (600ml) and extracted wild CH2CI2 (2x500ml). The combined 
organic layer was dried (MgSCM). filtered and concentrated in vacuo . The 

30 residual slurry was triturated with hot hexane (500ml), the precipitated 
phosphine oxide filtered off and the filtrate evaporated in vacu o to yield the 
title com pound (28.85g) as a yellow oil. 5h (CDCI3) 1.5-2.0 (OH, br m, 
{C\±>U), 3.85 (3H, s, OMe), 4.71 (111, br m, C~H_). 5.38 (211, dd, J. 10.5, 
1.3Hz, C=CH 2 ). 6.75-G.9 (31 1, in, C G l_b). and 7.3-7.5 (5H, m, CeUs) • 

35 
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a) (±)-3-[2-(3-Cvclopemylox v-4-niettioxvuhei>vl)-2-tivdrq xv-2T 
plienylethyll -2-me lhQXVPVrazlne. 

11-BuLi (1.6M in hexanes; Gml, 12inmol) was added drupwise at 4°C to a 
solution of N, N-diisopropylamine (1.05ml, 13minol) in THF (40ml). Alter 
5 0.5h, 2-rnelhoxy-3-methylpyrazine (1.28ml, 1 1mmol) was added dropwise 
at -70°C and the mixture stirred for 2h at this temperature. A solution of 
Intermediate 2 (3.26g, 1 1mmol) in THF (20ml) was added over 10 min at 
-70°C and the mixture stirred for a further 1h and then allowed to warm to 
FIT. The reaction mixture was partitioned between CH2CI2 (75ml) and 

10 saturated NaHCC>3 (100ml). The organic layer was separated, combined 
with further CH2CI2 extracts (2x75ml), dried (MgSCvt) and concentrated in 
VSGUQ- The residue was subjected to chromatography (SiCV, CH2CI2) to 
afford the title compound (2.94g) as a white foam. 6h (CDCIj) 1.5-2.0 
(8H, br m, {CH2U), 3.63 (111. d, J. 14 Hz, CUH pyrazine). 3.77 (111, d, J. 

15 14Hz, CHii pyrazine), 3.79 (3H, s, OMe oriiiQ to cyclopentyloxy), 3.97 
(3H, s, pyrazine OMe), 4.67 (1H. br m, OCtl), 6.72 (1H, dd, A 8.4Hz, ArH 
ortho to OMe), 6.77 (1H, s, OH). 6.91 (1H. dd, J 0.4Hz, 2.011/. Ai]J uaia to 
cyclopentyloxy), 7.00 (111, d, J. 2.0Hz, Aril piliiQ to cyclopentyloxy), 7.1-7.5 
(5H. m, Colds), and 7.05-7.95 (2H, m, pyrazine IJ5. lie)- 

20 

b) (+).s>-f-2-^3-Cyclo penlvloxv-4-ine thoxyplignyl)-2-livdroxv-2- 
phenylethy l H-methvlPvrldlne 

From 2,4-dirnethylpyridine (1.7ml, 14.5mmol) and Intennediate 2 (4.30g, 
14.5mmol). Purification by chromatography (Si02l CH2CI2) afforded the 

25 title compound (1.23a) as a colourless oil (Found: C, 77.07; H, 7.10; N, 
3.25. C2GH29NO3 requires C. 77.39; I I, 7.24; N, 3.47%); 8r (CDCI3) 1.4- 
1.9 (OH, br m, {CH2U). 2.25 (311. s, pyridine Mo). 3.60 (2H, s, CH 2 
pyridine), 3.77 (311, s. OMe), 4.68 (1H. br m, OC]i). 6.72 (111, d; a 0.5Hz, 
Arhl ortho to OMe). 6 0-6.95 (3H, m, Aril P.ar_a. to cyclopentyloxy + pyridine 

30 Ii3. his), 7.02 (1H, d, J. 2.2Hz, ArH ortho to cyclopentyloxy), 7.1-7.3 (3H, 
m, m_eia and caia ArH. of CgI Ig), 7.46 (2H, ca d, J. 8.5Hz, QfUiQ ArH. of 
C 6 H5). and 0.23 (111, c.a d, J. 6 Hz, pyridine Lie); m/L (ESI) 404 (M + « l. 
72%) , 307 ( 1 3) . and 386 ( 1 00) . 

'35 c) (±)-4-r2-(3-Cyc?nuentvlox v-4-iiietho xvplieiivl)-2-hYdroxv-2j: 
phenylethy llp yrimldlne 
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From 4-melhylpyrimidine (1.0ml) and Intermediate 2 (3.98g). Purification 
by cliromatography (Si0 2 ;CH 2 CI 2 ) allorded the tille CQmpound (2.56g) as 
a white solid; 5|-i (CDCI3) 1.5-2.0 (OH, br 111, (CLbM, 3.66 (2H, s, CJH2 
pyrimidine). 3.77 (311. s, OMe), 4.65 (111, br m, OCH), 6.50 (111, s, ONJ, 
5 6.72 (111, d, J. 0.4Hz, Ari l ortho to OMe). 6.85 (111, dd, d 0.4, 2.2Hz, ArH 
para to cyclopentyloxy), 6.90 (111. J. J 2.21 Iz, ArJioilliU to cyclopentyloxy). 
7.07 (111, d, J. 5.2Hz. pyrimidine JJs), 7.15-7.45 (5H. m, Colds). 0.53 (11 1. 
d, J 5.2Hz, pyrimidine ld 6 ). and 8.99 (111, s, pyrimidine Jdb)- 

10 d) (jJbffjlH?jll^^^ 

phenylethyllpvrldazlne 
From 3-methylpyridazine (1.0ml) and Intermediate 2 (3.98g). Purification 
by chromatography (Si0 2 ; EtOH-CH 2 CI 2 ) afforded the title compound. 
(4.02g) as an off-white solid. 

15 

INTERMEDIATE 11 
3 f S-Dlchlor o-4-mettiv lrjyrldine 

3,5-Dichloropyridine (2.04g, 13.5mmol) in IMF (5ml) was added dropwise 
to a solution of LDA [prepared from diisopropylamine (1.9ml, 13.5mmol) 

20 and n-BuLi (1.6M; 8.4ml. 13.5mmol)] in THF (25ml) at -70°C. After stirring 
at this temperature for 5 min, iodomethane (0.85ml, 13.5 mmol) was 
added and the reaction mixture stirred for a further 1.5h at -70°C. 
Saturated NaHC0 3 (20ml) and CI l 2 CI 2 (20ml) were added, the organic 
phase separated, dried (MgSO/j), and concentrated in vacuo . The residue 

25 was subjected to chromatography (Si0 2 ; Et 2 0/hexane, 1:3) to afford the 
' title compound (1.16a) as a pale yellow solid. 5h (CDCI3) 2.46 (3H, s, Me), 
and 0.36 (2H, s, pyridine LI2. LIg)- 

I 

INTERMEDIATE 12 
30 (4-Bromophenyi)(3-cvcloijentvloxv-4-inethox y olienyl)ketone 

A solution of Intermediate 4 (8.00g, 2S.5mmol) in THF (50ml) at -70°C was 
treated with q-BuU (19.4ml, 31.0rnmol, 1.6M solution in hexanes). The 
slightly yellow solution was stirred at -70°C for 0.5h then a solution of A- 
' bromobenzaldehyde (5.-.6g. 29.5minol) in THF (50ml) was added via. 
35 cannula. The reaction was allowed to warm to RT over 2h then quenched 
with water (25ml) and extracted with Et 2 Q (2x50ml). The extract wao dried 
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d, J. 6.2Hz. pyridine Lb. Lb). 7.23, 7.30 (21 1, d. *J 0.21 Iz. ArJJ). 7.9-0.0 (21 1, 
rn, Aril) and 0.3-8.45 (2H, m. pyridine Lb. H 6 ); v„,ax (CDCI 3 )1735, 1G4G, 
1597 and 1310 cm- 1 ; rn/.z. (ESI) 469 (M'*\100%). 

5 INT ERMEDIATE 1G 

etiiyl)pyrldlne 

n-Butyllithium (1.6M solution in hexane; 16.9ml, 27mmol) was added to a 
stirred solution of furan (1.04y. 1.90ml. 27mmol) in THF (25ml) at -70°C. 

10 After Hi at -70°C. a solution ol Intermediate 1 (4.0g, 10mmol) in THF 
(10ml) was added over 10 min. The reaction mixture was stirred at -70°C 
for 0.75h. warmed to RT over 0.75h. then quenched with water (100ml) 
and extracted with Et 2 0 (3x60ml). The extract was wastied with brine 
(100ml). dried (MgSCU), and concentrated iu_y.acu.O, The residual orange- 

15 yellow oil was subjected to chromatography (SiC>2; CI l 2 CI 2 /hexane, 3:1, 
then Et 2 0/hexane. 1:1) to give (3-cyclopentyloxy-4-methoxyphenyl)(2- 
luryl)methanol (3.2y, 61%) as a colourless unstable oil; v„,ax- (neat) 
3500cm* 1 . 

The alcohol (3.2g) was stirred with manganese (IV) oxide (10g) in CH2CI2 
20 (100ml) at RT for 3h. The mixture was filtered through Celite© and the 
filtrate concentrated in vacu o. The residual dark oil was subjected to 
chromatography (Si0 2 ) to give (3-cyclopentyloxy-4-melhoxyphenyl)-(2- 
furyl)ketone (1.9g); v„ m (neat) 1620cm- 1 

n-Dulyllithium (1.6M solution in hexanes; 4.2ml, 6.64mmol) was added to a 
25 solution of a 4-methylpyridine (0.62g, 0.65ml, 6.64nimol) in THF (25ml) at 
-70°C. Alter 0.5h, a solution of the crude ketone (1.9g. cjl G.Gmmol) in 
THF (5ml) was added, stirred for 1h at -70°C, then at RT for 0.25h. The 
reaction mixture was quenched with water (50ml) and extracted with 
EtOAc (3x50ml). The extract was dried (MgSCM), concentrated irucaeUQ, 
30 and the residual red oil subjected to chromatography (Si02; 
EtOAc/hexane, 3:2) to aflord the title compound (1.23g, 49%) as a pale 
yellow oil; 5 H (CDCI3) 1.5-1.9 (OH. br m. (CLb)-i). 2.84 (1H, br s, Old). 3-30 
(111. d. J 13.2Hz. CHaI I d pyridine). 3.59 (111, d, J., 13.2Hz, CI l/vLiu 
pyridine). 3.82 (3H, s, OMe). 4.65 (1H, br m OCH), 6.24 (1H, dd, .1 3.3, 
35 0.7Hz. furan Lb). 6.35 (111. dd. J 3.3. 1 .0Hz. furan L!U). 6.75-6.85 (3H. m, 
C G H 3 ). 6.05 (2H. dd, J. 4.5. 1.6Hz, pyridine i±3. Lb). 7.43 (1H, dd, J 1.0. 
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0.7Hz, furan Us), and G-33 (211, dd. *l 4.5, 1.6Hz, pyridine Li2, Bo); Ul/z 
(ESI) 402 (M + + 23, 20%). 380 (M + + 1. 35). 287 (100), 95 (28), and 94 
(97). 

5 INTERMEDI ATE 17 

(3-Cvclopent yloxv-4-iiieUioxv oheHyl>-2-thleiivlinelhai>ul 

Thienyllithium (1.0M solution in Tl IF; 14ml, 14.0mmol) was added to a 
solution of Intermediate 1 (3.04g. 13.8mmol) in THF (30ml) at -70°C. Alter 
0.25h, the reaction mixture was allowed to warm to RT, stirred for 0.75h, 

10 then quenched with 10% aqueous NH4CI solution (25ml) and extracted 
with Et 2 Q (3x40ml). The extract was dried (MgSCM), concentrated hi 
vacuo , and the orange residue subjected to chromatography (SiC>2; 
Et 2 0/hexane, 1:1) to afford the title com pound (3.80g), as an oil-white 
solid m.p. 79-80°C (from hexane-diisopropyl ether) (Found: C, 67.10; I I, 

15 6.65. C17H20O3S requires C, 67.08; H, 6.62%); 8h (CDCI3) 1.5-2.0 (8H, 
br m. (CU2)4). 2.37(1 H, br s. OH), 3.84 (3H, s, OMe). 4.75 (111. br in 
OChl), 5.99 (1H, br s, C]JOH), 6.8-7.1 (5H. m. C C H3 + thiophene IJ3. LI4). 
and 7.2-7.3 (1H. m. thiophene Lis) Wz (ESI) 327 (M.M- Na. 100%). 

20 INTERME DIATE 10 

(3-Cvclopentvloxv -4-methoxv ohenvlV2-tlil cnvlketone 

A solution of Intermediate 17 (3.37g, n.OBmmol) in CH 2 CI 2 (200ml) was 
stirred vigorously with manganese (IV) oxide (15g) for 2h. The mixture was 
filtered through Celite® and the filtrate concentrated in Y8£UQ to afford the 

25 title compound (3.32g), as an amber oil (Found: C, 67.38; H, 6.08. 
C17I I10O3S requires C. 07.53; I I, 6.00%); S|-| (CDCI3) 1.55-2.0 (Oi l, br m, 
(CL!2)4), 3.93 (3H. s, OMe). 4.05 (1H, br m, OCU), 6.92 (IH, d, i 8.3l lz, 

1 ArH ortho to OMe), 7.16 (111, dd, 4.9, 3.0l lz, thienyl U4), 7.46 (1H. d, A 
2.0Hz. ArLi orlho to cyclopentyloxy), 7.53 (1 H. dd, J 8.3, 2.0Hz ArH. paia lo 

30 OMe), and f.65-7.7 (2H, m, thienyl !J 3 . Lb); Ui/t, (ESI) 627 (2M' «- Na. 
90%), 325 (M++ Na. 1 00), and 303 (M + . 10). 

EXAMPLE 1 

a) (F) Isomers of 4-r2-(3JMoj?g||lY|gxy-4-»nglhQXjf!r 

35 pJiejiyJJ^RhejnjJeUm 
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Intermediate 7 a (3.13g, 8.05tnmol) was dissolved in toluene (70ml) 
containing 4-toluenesulphonic acid monohydrate (1.91g, 10.05mmol) and 
the mixture heated to reflux for 1li. The reaction mixture was poured into 
aqueous NaOM (10%; 100ml) and stirred for 5 ruin. The mixture was 

1 5 extracted with Et20 (3x70ml) and the organic extract washed with water 
(OOiul), and brine (00ml), then dried (MgS0 4 ), and concentrated iiucacuo 
to afford a mixture of the title compounds (3.0g) as a viscous pale yellow 
oil. Sh (CDCI 3 ) 1.5-2.1 (Oi l. br rn, (CLb) 4 ). 3.82 (major) and 3.84 (minor) 
(3I I, s, OMe). 4.8 (11 1, br m, OC|dCH 2 ), 6.G-7.4 (11M, in, ArJiPjjlio. to OMe 

10 + 2xArhl mela to OMe + Colds* pyridine Lb, lis), and 8.2 - 8.35 (21 1, m, 
pyridine Lb, Lio); W/L 372 (M+ + 1, 12%), 371 (M+, 40), 304 (21), 303 
(100), 302 (72) and 274 (22). 

1 

The following compounds were prepared using a similar procedure: 

15 

b) lElaj^Jl^si^ 
plienvn-2-phenvletheny ll pyrazine 

From Intermediate 7b (570mg, 1.5mmol) and 4-toluene sulplronic acid 
(about 20mg). Upon completion, the reaction mixture was concentrated in 

20 vacuo then subjected to chromatography (SIO2; Et20) to afford the title 
compound (520mg) as a colourless oil. 5h (CDCI 3 ) 1.5-2.0 (8H, br m, 
(CLbh), 3.84 and 3.86 (3H, s, OMe), 4.58 and 4.72 (1 H, br m. OCJi), 6.65- 
7.5 (9H, m, C r? IMC=CH t-Arll ortho to OMe+2xArJJ. wsla to OMe), 7.90 
and 8.04 {111, d, 1 1.5Hz, pyrazine Lb), 0.18 and 8.21 (1H, d, 1 2.5Hz, 

25 pyrazine Lie), and 8.45 and 8.48 (111, m, pyrazine JLJg). 

c) (E) and (Z) Isomers of 3-f2-(3 -Cycijpet)tylox y-4-metlioxv- 
ulieny l )-2-plienyleUienvll -2-nielhoxvpvrazlne 

From Intermediate 10a (2.94g, 7.0mmol) and 4-toluene-sulphonic acid 
30 (about 20mg) as described for Intermediate 7b to afford the title comp ound 
(2.67g) as a yellow oil. 5h (CDCI 3 ) 1 .5-2.0 (8H, br m, (CH 2 )4). 3.80, 3.81 , 
3.83, 3.86 (2 x 3H. s, 2 x OMe), 4.50. 4.70 (1H, br m, OCH), 6.60-7.5 (9H, 
in, C 6 H5 + C = Cld + ArH ortho to OMe + 2 x Ari l meta to OMe) and 7.7- 
7.95 (2H, m, pyrazine H5. lie)- 

35 

d) (i) (E) 4-f2-(3-Cvclopontylo xv-4- incthoxypheriyl)-2-plienylethejiyj]; 
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9^diL(dJd&2£ui2yiiiliiiB 

(ii) (Z) 4- f2-(3-CvclOP ejUyl^^^ 
-3 f G-dlcliloro pyrldine 
From Intermediate 7c (1.60g. 3.50mniol) and 4-toluene-sulphonic acid 
, 5 .(0.85g). Purification by column chromatography (Si0 2 ; CH2CI2) afforded: 
i) (E) title compound (9bJing) as an off-white solid rn.p. 138.5-140°C. 6 H 
(CDCI3) 1.5-2.0 (8I I. br in, (CJJ Z )4). 3.88 (3U. s, OMe). 4.72 (111, br in, 
OCLi). G.59 (1H. s. C=CI I), 6.85 (1H. d, J. 8.41 Iz, ArHflTibfl to OMe), 6.90 
(III, d, J. 2.0Hz, ArH oilbp. to cyclopentyloxy), 6.95 (III. dd, si 8.4, 2.0llz, 
10 AriiRaiA to cyclopentyloxy), 7.0-7.1 (2H, m, Lh, lie of C G H 5 ), 7.15-7.3 
' (3H, rn, IJ 3 , H.4, Ids of C G H 5 ), «nd 8.35 (2H, s, pyridine LI2, hie). 

and ii) (Z) Me_cj?JilP£Ull.d. (240mg) as an off-white solid, m.p. 155- 
156.5°C. 6h (CDCI3) 1.4-1.8 (8H, br rn (CLbU). 3 80 ( 3H - s - ° Me >' A A2 
(1H, br m OCJi). 6.52 (111, d, J. 2.0 OHz.m ArliPillio. to cyclopentyloxy), 
15 6.56 (1H, s, C=CH). 6.57 (1H, dd, A 8.4, 2.0 Hz, ArH_R3ia to cyclopentyl- 
oxy). 6.68 (111. d, J. 8.4 Hz. ArH QrllioJo OMe), 7.3-7.45 (5U.m. C0LI5). and 
8.37 (2H, s, pyridine LI2, Lie)- 

e) IF)jind(Z) isomers of 2J2^3 J ^cJmgIl iy»PXY - 4-'"gtl'O^Y . 
20 pligiivn-2-D lieii ylettK}nvl1-4-m etliylpyrldlne 

From Intermediate 10b (1.15g, 2.85mmol). Purification by 
chromatography (Si0 2 ; EtOAc) afforded the |il|e compound (1.2g) as a 
pale yellow solid; 5n (CDCI3) 1.4-1.9 (8H, br m. (CLi2)4), 2.04 (major). 
2.09 (minor) (31 1, s. pyridine Me), 3.85 (major). 3.88 (minor) (3H. s, OMe). 
25 4.58 (minor), 4.72 (major) (111, br m, OCLI). 6.4-7.5 (I1H. m. 
CeHs+CeUa+pyridine Lb, Lbs + C=C11). 8.5-8.55 (1H, m, pyridine lie). 
'Hn.m.r indicates a 2:1 E/Z ratio. 

f) j£laid_(Z) Isomers of 4-[2-(3-CY_cJgjjfi|jlyJ pxy-4-M1gUlOXY 
30 pheiiYlV2- phenYleUie nYlll^J1inidiDe 

From Intermediate 10c (2.55g). Purilication by chromatography (Si0 2 ; 
El 2 0) afforded the title compound (1.20g) as a pale yellow foam; 5h 
(CDCI3) 1.5-2.0 (8H. br m. (Ctlafo). 3.80,3.90 (3H, s, OMe), 4.60, 4.70 
(1H, br m. OCLi). 6.44, 6.64 (111. d. J. 5.2Hz, pyrimidine Us), 6.65-7.0 
35 (31 1, rn. C G H 3 ), 7.2-7.45 (611. in, C G U 5 . C=CH ). 0.26, 0.3? (111, d, J. 5.21 Iz, 
pyrimidine H G ) . and 9.10, 9. 12 (111, eas, pyrimidine Lb). 
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g) fE) and(Z) isomers of 3-r2-(3-Cvclopentvloxy-4-meUiQXV 
uheny l )-2-phenvlethenvlloyrldazine 

From Intermediate 10d (4.0g). Purification by chromatography (SIO^; 
5 Et 2 0) afforded the JjJJajaaiJlRHlUlsl (2.07g) as a pale yellow solid (Found: 
C, 77.59; H. 6.49; N, 7.24. C24II24N2O2 requires C, 77.39; I I, 6.50; N, 
7.52%); 5h (CDCI3) 1.5-1.9 (OH, br m, (CtbW. 3.80 ,3.90 (3H, s, OMe), 
4.50. 4.70 (1H, br m, OCU), 6.6-7.5 (1111. m, Colds t-CoLb 1 C=CH -1 
pyridazine JJ4. J±g«. ). and 0.05-0.90 (111, m, pyridazlne JJLg) (Tlnmr 
10 indicates a 3:2 E/Z ratio); m/z. (ESI) 396 (M_ + +1+Na. 57%). 395 
(M'H-NaJOO), 374 (G6), 373 (70), and 305 (16). 

EXAMPLE 2 

(E) and (Z) isom ers of 4-ri-f3-CvcloDenlvl nKy-4-mB»iQxvDhenvn-2-(4- 
1 5 pvri dy l )elhenvl1 pyridine 

A mixture of Intermediate 6 (0.40y,1.50mmol), CS2CO3 (0.56g,1.73mniol), 
and cyclopenlyl bromide (0.26g, 1.743mmol) in DMF (20ml) was stirred at 
RT overnight. A further portion ol CS2CO3 (0.20g,0.61mmol) and 
cyclopentyl bromide (0.20g, 1.06mmol) was added, the mixture stirred lor 

20 1 .5h then concentrated in v acuo. The residue was subjected to chromato- 
graphy (Si0 2 ; EtOAc/CI l 3 OH/Et 3 N, 100:1:0.4) to afford the title compound, 
(0.42g) as a white solid, m.p. 136-130°C (cyclohexane); 8h (CDCI3) 1.5- 
2.0 (OH, br m (CH^M). 3.04 (3H, s. OMe), 4.65 (1H, br m OCHCH2). 6.7- 
6.9 (6H, m. ArH ortho to OMe+2xArH_ meta to OMe+C=CH + pyridine 

25 H 3 ,h!5 ). 7.00 (2H, dd, J. 4.5, 1.5 Hz, pyridine pyridine Hj'. tis), 0-32 (21 1, 
dm, .J. 5.0 Hz pyridine Lb?. Lir»). and 6.55 (2H, dd, J. 4.5, 1.5Hz. pyridine JJ?', 
Hg 1 ); Ul/Z 372 (M+28%). 305 (37). 304 (100). 303 (95). 275 (18). and 41 
(10) 

30 EXAMPLE 3 

a) (E ) and (Z) isomers ol 4-f2-(3-Cvctop entvloxv-4-meUio xv 
»henvn-2-plienYlelhenvll_pjjfinoi 

A mixture of Intermediate 9 (2.94g, lOmmol). 4-bromophenol (2.16g. 
12.5mmol). Et3N (2.52y, 25mmol). tri-Q-tolyl phosphiiiR (O.UGg, 0.2mmol) 
35 and palladium acetate (0.022g. O.lmmol) was lieated in a bomb at 140°C 
for 161 1. Upon cooliny. the reaction mixture was diluted with NH4CI (10%; 
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50.nl) and CM 2 CI 2 (50.nl). The organic layer was separated and the 
aqueous layer extracted with CM 2 CI 2 (50ml). The combined organic layer 
was dried (MgS0 4 ). filtered and concentrated. Publication by column 
chromatography (Si0 2 ; hexane/Et 2 0,1:1) yielded the iiiie.cimiP.O.Ulld (1:1 

5 mixture of isomers) (0.8g) as a yellow foam 5 H (CDCI3) 1 .2-1.9 (8H, br m, 
(CfcfeW. 3.01, 3.03 (311, s, OMo). 4.59, 4.69 (1H. br m, OCjJ). 5.5, 5.63 
(1H, br s, OH), 6.55-7.0 (OH. m, Cetb+CeLU+C-CJJ). and 7.15-7.35 (5H, 
m CeBs) [N.B. 'Hn.m.r. indicates ea V.1E/Z mixture of isomers); m/z. (ESI) 
410 (M + +1+Na.10%). 109 (M + -»-Na,100) 387 (M + M. 62). 319 (38). 310 

10 (22), 301 (19). 236 (22). and 135 (20). 

The following compounds were prepared using a similar procedure: 

b) tEUniUmsome^^^ 

15 P heiwl^2-p lienvlelhetlYlLteIlzgJcjacia 

From Intermediate 9 (2.94g, lOmmol) and 3-bromobenzolc acid (5.03g, 
25mmol) Purification by column chromatography [SiO 2 ;10%, CH3OI-I/ 
CH 2 CI 2 ] furnished the Ulte_cjmiPJmilds. (2g) as a viscous yellow oil. 8 H 
(CDCI3) 1.45-2.0 (8H. br m, (Cfcbh), 3.86, 3.07 (3H, s, OMe), 4.55, 4.7 

20 (111 br m. OCJi). 6.65-8.25 (13H. m. C 6 ld5+C 6 li4+CoLl3+C=CLl), (C0 2 U 
not observed) (N.B. 'Hn.m.r. indicates ea 1:1E/Z mixture of isomers]; m/z 
(ESI) 437 (M++23, 60%), 301 (67), 281 (100), and 259 (52). 

c) fj=) f»id <7) isomers ot^U2d[3^-CJs» 7fln t Yiox Y^ meUio j^ 
25 pMBiiyn-2- Dheiwle lhej^oX'a»lsgle 

From Intermediate 9 (1.1 9g, 4.04mmol) and 4-bromoanlsole (0.757g, 
4 oommol). Purification by column chromatography lSi0 2 ; hexane/Et 2 0, 
4- 1 ] furnished the UUe_c^iMlil5 (0.78g) as a yellow oil. 5,, (CDCI 3 ) 1 .5- 
2 0 (8H. br m, (CLfeW. 3-72, 3.73 (3H. s, OMe), 3.82, 3.86 (3H. s, OMe). 
30 4.58, 4.07 (1H, br in, OCI±), 6.6-6.9 (6H, m. Cetb+ZxArtL fldllfl to 
OMe+C=ChU, 6.93, 7.00 (2H. d. J. 0.5Hz, 2xArkL njfiia to OMe) and 7.15- 
7 35 (5H rn C G H 5 ) [N.B. "Hn.m.r. indicates ea V.1E/Z mixture of isomers]; 
Ulli (ESI) 424 (M' .-1' Na, 20%). 423 (M + +Na, 100%), 374 (12). 281 (20). 
198 (12). 132 (12) and 06 (12). 
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inethoxyphenyl)-2MJh_enYleU_tetivl) beiizoale 
From Intermediate 9 (2.94g, lOrnmol) and methyl 4-brornobenzoate 
(2.69g, 12.5mmol) to afford the title comp ounds (3.35g) as a yellow gum; 
fil l (CDCI3) 1.4-2.0 (8H. br m, (CJJzM. 3.06, 3.87 (61 1, s. OMe+C0 2 Me). 
5 4.54, 4.G7 (111. br m. OCHJ. G.G-7.4 (11H. m, C 6 l:l5+CGM3+C=CH+2xArH 
mela to C0 2 Me), and 7.75-7.85 (2H. m, 2xArH orllio to C0 2 Me) [N.B. 
Tln.m.r. indicates £3. 1 :1E/Z mixture of isomers]; m/z. (ESI) 429 (M+H-1+Na, 
20%), 362 (18), 361 (20), 330 (70), and 329 (68). 

10 e) LE)_andJZUsg»lierg of g-r2-(3-Cvclo penlvloxv-4-metliox v- 
tjli erivl)-2-p h envletheny llpyridlne 

From Intermediate 9 (1.00g, 3.4mmol) and 3-brornopyridine (1.28y. 
O.lmmol). Purification by chromatorgaphy (SiC>2; Et20) afforded the title 
com pound (0.50g) as a pale yellow gum; 8h (CDCI3) 1.45-2.0 (8H, br m. 
15 {C]±>)a), 3.85 (major), 3.07 (minor) (3II, s, OJyJe), 4.55 (minor), 4.69 
(major) (1H, br m, OCH). 6.65-7.5 (1111, m. CGUG+Cefcto+pyridine JJU.Hsi 
C=CJ, and 8.2-8.45 (211, m, pyridine Lblie). 

E XAMPL E 4 

20 ( E) and (Z) Isomers of 4-r2-(3-Cvc lo ueutvloxv-4-methoxvptienyl)-2- 
uhenvlethenvll acetoxvbenzene 

To a stirred solution of the compound of Example 3a (0.2g, 0.52mmol) in 
CH2CI2 (5ml), under a nitrogen atmosphere, was added Et3N (0.101g, 
0.14ml, 1mmol) followed by acetyl chloride (0.0785g, 0.071ml, 1mmol). 

25 The reaction mixture was stirred at RT for 4h then poured into saturated 
Nal -ICO3 (10ml). The organic layer was separated and the aqueous layer 
extracted with CI I2CI2. The combined organic layer was dried (MgSCM). 
filtered, and the solvent removed in vacuo to furnish the title compounds 
(0.222g) as a coiourless oil. 8h (CDCI3) 1.5-1.9 (8H, br m, (CLb)-*). 2.23. 

30 2.24 (3H, s, OCOMe), 3.83. 3.06 (3H, s, OMe). 4.56, 4.67 (111, br in. 
OCH). and G.7-7.4 (1311. m. C. M5iCgH4+CgH3+C=CLI) [N.B. 'Hn.m.r. 
indicates ca 1:1 E/Z mixture of isomers]; m/z (ESI) (M + +Na, 100% ), 319 
(20). 201 (29), 191 (40), 127 (50) and 55 (54). 

35 E XAMPLE 5 

(E ) and (Z) isomers of Methyl 3-[2 (3-cyclouentvloxv-4-melhoxv 
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plienvl)-2-phenylethenvl1benzoate 

1 To a cold (0°C) solution ol the compound of Example 3b (0.25g. 0.6mmol) 
in CI l 3 OI I (2Uml) was added SOCI 2 (0.357g.0.22ml,3mmol) dropwise and 
the reaction mixture was stirred at RT lor 3h. The solvent was evaporated 

' 5 ' in vacuo , the residue dissolved in CH 2 CI 2 (20ml) and washed with 
saturated NallC0 3 (20ml). The organic phase was separated and the 
aqueous phase extracted with CH 2 CI 2 (20ml). The combined organic layer 
was dried (MgSCM), filtered and the solvent evaporated in V9QVQ to yield 
the title compound (0.2 15g) as a yellow oil. 6h (CDCI 3 ) 1.4-2.0 (8H, br m, 

10 (CJJ2M. 3.82, 3.83, 3.04, 3.05 (Gi l, s, OMe + C0 2 Me). 4.54, 4.69 (111, br 
m, OCH), and 6.65-7.85 (1311, m, C G Li5+C6H4+C 6 U3+C=Chl} [N.B. 'Hn.rn.r. 
indicates ea 1:1 E/Z mixture of isomers]; m/z (ESI) 429 ( M + +1, 25%). 361 
(22), 329 (100), 159 (12), 102 (15), and 60 (75). 

15 EXAMPLE 6 ' 

(F) and fZ ) Isomer! ) rrf 1 [?-(4,-/\fT''t^t? l 1 a 'W))- 9 -^- R Y clQ P e,ltvloxv - 4 - 

Water (15ml) atid trilluoroacetic acid (10ml) were added to Intemiediate 13 
(6.1g) in CH 2 CI 2 (15ml) at 0°C and the mixture allowed to warm to RT. 

20 After 6h, tfie reaction mixture was concentrated in v&QUS and the residue 
partitioned between 10% hydrochloric acid (50ml) and EtOAc (50ml). The 
aqueous layer was separated, basified to pH 14 with 20% sodium 
hydroxide solution, and extracted with CI l 2 CI 2 (3x50ml). The extract was 
dried (MgSCM) and concentrated irLmQUQ to give the crude title co mp oun d 

25 (4.2g). A portion (0.40g) was subjected to chromatography (Si0 2 ); EtOAc) 
to afford the lilj^^illPeillld (0.29g); 5 H (CDCI3) 1.45-2.0 (8H. br m, 
{CU2U). 3.80 (2H. br s. NJLJ2). 3.87. 3.90 (3M. s. OMe). 4.58, 4.70 (1H. br 
m. OCH). 6.6-7.2 (1011. CgL14+ Colds i pyridine hb, 1±>+C=CL1), and 0.3-0.4 
(21-1. m. pyridine LL?.Hg); U3/Z (ESI) 308 (M++1. 100%). 

30 

EXAMPLE 7 

a) (FLnml [7) »?n t npr« nf 4-[S'.(4-BrQino olienv l)- 2-(3-c vclQ-. 

A solution of Intermediate 7d (7.52g. IG.dinmol) and triethylamine (4.0Dy. 
35 5.60ml. 40.0mmol) In CH 2 C 2 (100ml) was cooled to 0°C and 
trilluoroacetic anhydride (3.70g. 2.50ml. 17.6mmol) was added dropwise. 
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The orange-red solution was allowed to warm to RT over 20h then water 
(25ml) was added. The mixture was extracted with CH2CI2 and the extract 
was dried (MgSO^). concentrated in vacuo and subjected to 
chromatography to give the title comp ound (4.73g) as a white amorphous 
5 powder. (Found: C. 66.66; H, 5.27; N, 2.99. C 2 5H24BrN0 2 requires C, 
66.67; I I, 5.37; N, 3.11%); 5h (CDCI 3 ) 1.15-1.95 (8H, br, in. (CLb)*). 
3.86, 3.88 (3H, s, OMe), 4.55, 4.70 (1H, br m, OCJtl). 6.6-6.95 (611, in, 
C c ldb. + pyridine tb, tb) + C=CLi), 7.06, 7.21 (2H, d, J. 8.4Hz, ArH of 
C c Ua), 7.4-7.5 (21 1, m. ArH ol C g Ua), and 0.36 (21 1, ca. d, J. 6.0Hz, pyridine 
10 Lb. lie) ('H n.m.r. indicates a 1:1 E/Z mixture); v,„ ax (CDCI3) 1597, 1514, 
and 1251 cm-'; w/z. (ESI) 452 (M+ + 2 + Na, 100%), 450 (M* +Na, 00), 
384 (30) and 382 (20). 

The following compound was prepared to a manner similar to compound 
15 of example 7a. 

b) ( Z)-4-f2-(3-Cvclo u entvloxv-4-me thoxviJlienvl )-2-(2-furv l) 
ethenyllpyrldine 

From the compound of Intermediate 15 (1.0g, 2.64mmol) in CH2CI2 
20 (30ml), triethylamine (0.4g, 0.55ml, 3.96mmol) and trifluoroacetic 
anhydride (0.61 g, 0.41ml, 2.91 mmol). Work up (includes treatment with 
10% NaOH solution (25ml)] and chromatography (Si02; EtOAc/hexane, 
7:3) afforded the title compound (0.78g) as a pale pink solid m.p. 122- 
123°C; (Found: C. 76.37; I I, 6.46; N, 3.85. C23H43NO3 requires C, 
25 76.43; H, 6.41; N, 3.88%) ;5h (CDCI3) 1.45-1.9 (8H, br in, (Ctbh), 3.90 
• (3H, s, OMe), 4.65 (1H, br m, OCLl), 6.07 (111, d, J. 3.3Hz, furan [±3), 6.41 
(1H, dd, J. 3.3, 1.8Hz, furan H 4 ), 6.75-6.9 (5H, rn, C 6 ld3 + pyridine Lb, Ids). 
, , 7,03 (111, s. C=CH). 7.49 (111. d. J. 1.0Hz, luran Lb), and 0.33 (211, c^ d, J. 
1 4.6Hz, pyridine Lb. hie); LQ/z (ESI) 362 (M+ +1, 100%), 294 (45). 

30 

EXAMPLE 8 

1 (E) and (Z) Isomers ot -4-r-1-(3 -Cvclopentvl oxv-4-metho xvphenvn-2- 
(4-pyrldyl)ethenyl1benzolc acid tiydrochlorlde 

Intermediate 15 (4.25gm B.Ommol) in 10% aqueous HCI (15ml) was 
35 heated to reflux lor 20 min. Aqueous NaOH solution (5M; 20ml) and EtOI I 
(15ml) were then added and heating continued for a further 2h. The 
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concentrated ia^.o allord .Me UUOT^ ^"'J*' " ° 
colourless gum: Sh (CDCb) 1.5-1.9 (BH. br ,,, (CtbW. ***-* M ^ \ 
' . ' .01*). 4.56.4.67 (1H, br m. OCtl). and 6.65-7.4 (13H m. CJ, ♦ 
■ Cells ♦ C=Ca); mil (ESI) 390 (M + + 2. 23%). 369 <M*+1 • 92). 253 (37). 
5 and 235 (100). 

The following compound was prepared in a manner similar to the 
compound of Example 10a. 

10 b) ffiuwiumsjwi^^ 

' Ron, Intermediate 2 and diethyl 4.chlo.oben Z y 1 pliosphona.e lo a Hord U,e 
jntajonuuad as a clear oil. «h (QDCW 1 .5-2.0 (8H. br m (CLfe A3* 
3.89 (3II. s. OMe), 4.57,4.70 (1 H. br m. OCH). »* J^ 1 
r M * c.Ha + CLU + C=Ctl) CHrun.r. indicates sa 1:1 BZ '*<•<>>. ID/S 
(E^ 429 (M+ + S Na. 15%). 427 (M* + Na. 45). 367 (30). 3B6 ,100). 30, 
(25). and GO (20). 
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20 pnniw H A TI P N EXAMPLES. 

^c^o^^'-lon may be iormula.ed .or P -nnaoeu.lca 

use in a number of forms using any suitable excip.ents. Thus, lor 
example, tor oral use the compounds of the invention such as the 
compounds o. the Examples may be .ormutated as a solid dosag* , orm 
25 by mixing an appropriate weight o. compound (lor example song w.U 
maize starch (50-99%w/w). anhydrous colloidal silica (0-10%w/w) and 
organic or inorganic acid (up to 1%w/«»). to OK capsules of an approbate 
lize. e.g. white opaque mud gelatine capsules size 3. It des.red the same 
mixture may be compressed inlo tablets. 

30 The activity and selectivity oi compounds according to the Mention was 
demon.Jed u. U,e Mlowiny tests. U, these tests the abb.ev.aUon PMIP 
represents lire peptide N-lormyl-mel-leu-phe. 



35 icnlnlBd Enzyme. 
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The potency and selectivity of the compounds of the invention was 
determined using distinct PDE isoenzymes as follows: 

i. PDE I, rabbit heart 

ii. PDE II. rabbit heart 

iii. PDE III. rabbit heait, Jurkat cells 

iv. PDE IV, I IL60 cells, rabbit brain, rabbit kidney and human 
recombinant PDE IV 

v. PDE V, rabbit luny, guinea piy luny 



A gene encoding human PDE IV has been cloned from human monocytes 
(LM, ejLa/., 1990, Molecular and Cellular Biology. Jfl 2676). Using similar 
procedures we have cloned human PDE IV genes Irom a number of 
sources includiny eosinophils, neutrophils, lymphocytes, monocytes, brain 
15 and neuronal tissues. These genes have been transfected into yeast 
using an inducible vector and various recombinant proteins have been 
expressed which have the biochemical characteristics of PDE IV (Beavo 
and Reifsnyder, 1990, TIPS, 11, 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV, have been used as 
20 the basis of a screen for potent, selective PDE IV inhibitors. 

The enzymes were purified to isoenzyme homogeneity using standard 
chromatographic techniques. 

25 Phosphodiesterase activity was assayed as follows. The reaction was 
conducted in 150U.I of standard mixture containing (final concentrations): 
50mM 2-[[tris(hydroxymetliyl)methyl]amino)-1-ethane-sulphonic acid (TES) 
-NaOI I butler (pH 7.5). 10mM MyCI 2 . 0.1|iM pil]-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 
30 by addition of enzyme and conducted at 30°C for between 5 to 30 mins. 
The reaction was terminated by addition of 50ul 2% trifluoroacelic acid 
containing l^d-5'AMP for determining recovery of the product. An aliquot 
of the sample was then applied to a column of neutral alumina and the 
pHl-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The pH]-5*-AMP 
35 product was eluted with 2ml 2M NaOl I into a scintillation vial containing 
10.nl ol scintillation cocktail. Recoveiy of pi lj-5'AMP was determined 
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using the a™" <* ^ ' a " gG °' 

the reaction. 

Compounds according to the invention such as compounds _ ol ! Ihe 
Examples herein cause a concentration-dependent .nh.bU.on of 
recombinant PDE IV at 0.1 - 1000nM with little or no act.v.ty aga.nst PDE I, 
II, III or V at concentrations up to 100fiM. 
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? The ElevallimjjLfiAMEJlLL^^ 

""Compounds o. U,e invention o„ intracellular cAMP was 

investigate, using human neutrophils or guinea pig 
Human neutrophil were separated .rom peripheral blooc Incubated 
with dihydrocy.ochalasin B and the lest compound .or 10 mln and 
then stimulated with FMLP. Guinea pig eosinophils were harvested 
by peritoneal lavage ol animals previous* treated with m. a^ 
pelnea, Motions o. human serum. Eosinophlts were separated 
Tom the peritoneal exudate and incubated with isoprene, » and .e l 
compound. With both eel, types, suspensions were cen nluged a. the 
endo. the incuba.ior, the cell pellets were resuspended In bu.le, and 
bio lor 10 min prior to measurement o. cAMP by spec,l,c 
radioimmunoassay (DuPont). 

The most potent compounds according to the Examples Induced a 
loncentratL -dependent elevation o. cAMP in neutrop.uls and,o, 
eosinophils at concentrations ol 0.1nM to 1uM. 



30 



3. 



si!flr^ssioiijaU-euJ»j;mnumito 

Grounds ot the invention were investigated lor their el ects on 
suTe-ide generation, chemotaxis and adhesion o, neu.roph.ls and 
eosinophils isolated leukocytes were incubated with dihydrocyto- 
chalasin B lor superoxide generation only and test <™l™^~£ 
stimulation with FMLP. The most potent compounds ol the Examples 
cau ed a concentration-dependen. inhibition o. superoxide 
ge ,e atio,, cherno.axis and adhesion a. concentrations ot O.lnM to 
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Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 
factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0.01nM to 10uM. 

Relaxation of Constricted Afrwav S mooth Muscle Jiivflm 
The effects of compounds of the invention on guinea-pig isolated 
tracheal smooth muscle were investigated. Isolated tracheal rings 
were suspended in organ baths and immersed in oxygenated Krebs" 
solution. The smooth muscle was contracted with sub-maximal 
concentrations of histamine or carbachol prior to the addition ol 
increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration- 
dependent reversal of both histamine and carbachol-induced 
contractions at concentrations of 1nM to 100uM. The compounds 
were generally more potent in reversing histamine-induced tone than 
carbachol-induced tone. 

Ff fpnts on Cardiac Muscle in vitro 

Compounds of the invention have been tested for their eflects on 
isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 
atria and force (inotropic) of the electrically stimulated papillary 
muscle. In these preparations, selective PDE IV Inhibitors such as 
rolipram do not have any direct effects whereas selective PDE III 
inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specilic PDE inhibitor theophylline, which is used in 
asthma as a bronchodilator, also causes significant cardiovascular 
changes such as tachycardia. Selective PDE IV inhibitors have 
advantage over theophylline, therefore, through reduced 
cardiovascular side eflects. The most potent and selective 
compounds of the Examples had no direct effects on the atrial and 
papillary muscles in vi tro at concentrations up to 10uM but in 
combination with PDE i!l inhibitors, these inhibitors showed an 
enhancement of chronotropic and inotropic activity, typical ol 
selective type IV inhibitors. 
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AnH-lnflamm f *9fV ^tlvltv m vivo 

lnterleukin-5 (IL-5)-induced pleural eosinophil in the rat (Lisle, e.Lal 
1993, Br.J. Pharmacol. IHd 230p) is inhibited by compounds of the 
Examples given orally at doses ol 0.0001 to 10.0my/kg. The most 
potent compounds cause a dose-dependent reduction in migrating 
eosinophils with ED 50 s of 0.003 to 0.03mg/kg p.o. 

Compounds of the invention also reduce the inflammatory responses 
induced in rats by platelet activating factor (PAF). 

Anll-allem) ? Ar.tMly In vivo 

Compounds of the invention have been tested for elfects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation of 
antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 
immunosuppression, by intraperitoneal injection of antigen in 
combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 
six weeks, animals were challenged with aerosolised ovalbumin 
whilst under cover of an intraperitoneal^ administered anti-histamine 
agent (mepyramine). After a further 48h, bronchial alveolar lavages 
(BAL) were performed and the numbers ol eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 
removed for histological examination for inflammatory damage. 
Administration of compounds of the Examaples (0.001 -10mg/kg i.p. 
or p.o.), up to three times during the 48h following antigen challenge, 
lead to a significant reduction in the eosinophilia and the 
accumulation of other inflammatory leukocytes. There was also less 
inflammatory damage in the lungs of animals treated with compounds 
of the Examples. 

Fffortg nn Pulmonary Dvnaf.i iLq§ 

Compounds of the invention (0.00 MOmg/kg by oral or other route of 
aministration) reduce the allergic bronchoconstruction caused by 
antigen in sensitized guinea pigs. 
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CLAIMS 

1. A compound of formula (1) 




qn^CfR^R 5 



(1) 



wherein Y represents a halogen atom or a group OR 1 , where R 1 is an 
1 0 optionally substituted alkyl group; 

X is -O, -S- or -N(R 6 )-, where R 6 is a hydrogen atom or an alkyl 
group; 

R 2 is an optionally substituted alkyl, alkenyl, cycloalkyl or 
cycloalkenyl group; 

15 R 3 and R 4 , which may be the same or different, is each a group 

-(CHteJnAr, where Ar is a monocyclic or bicyclic aryl group optionally 
containing one or more heteroatoms selected from oxygen, sulphur 
or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 
R 5 is a hydrogen atom or an optionally substituted alkyl group; and 

20 the salts, solvates, hydrates and N-oxides thereof. 

2. A compound according to Claim 1 wherein X is -O-. 

3. A compound according to Claim 1 or Claim 2, wherein Y is a gtoup 
25 -OR 1 where n 1 is a methyl group. 

4. A compound according to any one ol Claim 1 to Claim 3 wherein R 2 
i is a cyclopentyl group. 

30 5. A compound according to any one of Claim 1 to Claim 4 wherein Y is 
a -OCH3 group, X is -0-, R 2 is a cyclopentyl group and wherein R 3 
and R 4 is each independently a group -Ar. 
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(3 A compound according to Claim 5 wherein !*» is a group Ar wl.e.e Ar 
is an unsubstituted or substituted monocyclic aryl or monocyclic 
nitrogen-containing heteroaryl group and R< is a group Ar where Ar is 
an unsubstituted or substituted monocyclic nitrogen-conta.n.ng 
5 heteroaryl group. 

7 A compound according Claim 6 wherein the monocyclic aryl group is 
an unsubstituted or substituted phenyl group, the monocyclic 
heteroaryl group is an unsubstituted or substituted furyl or thienyl 
10 group and the monocyclic nitrogen-containing heteroaryl group is an 

unsubstituted or substituted pyridyl. pyridazinyl, pyrimidinyl or 
pyrazinyl group. 

8. A compound according to Claim 7 wherein the nitrogen-containing 
1 5 heteroaryl group is a substituted or unsubstituted pyridyl group. 

9. A compound according to Claim 1 selected from the (E) and (Z) 
isomers ol: 

4-i2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-luryl) 

20 ethenyljpyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-thienyl)ethenyl] 

pyridine; 

4-12 (3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyll-3- 
methylimidazole; 

25 n-[2-(3-Cyclopentyloxy-4-methoxyF3henyl)-2-phenylethenylJpyridine; 
4-[ 1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenylJ 
pyridine; 

(4-l2-(3-Cyclopentyloxy-4-melhoxyphenyl)-2-(4-lluorophenyl- 
ethenyl] pyridine; 

30 4-l2-(3-Cyclopenlyloxy-4-methoxyphenyl)-2-(4-trilluorometliyl- 

phenyl)ethenyl)pyridine; 
4-l2-(3-Cyclope ( ityloxy-4-metlioxyphenyl)-2-^2-meUioxyphenyl- 

ethenyl))pyridine; 
4-l2-(3-Cyclopentyloxy-4- t nethoxyplienyl)-2-(4 tnethoxyphenyl)- 

35 ethenyljpyridine; 

4-l2-(3-Cyclopentyloxy-4-inetlioxyphenyl)-2-(4-metl»ylphenyl) 
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ethGJiylJpyiidine; 

4-[2-(3-Cyclopentyloxy-4-inLjioxyphenyl)-2-(3-methylphenyl)- 
, ethenyljpyridine; 

/ l-[2-(3-Cyclopefiiyloxy-4-ineIhoxyphenyl)-2-(3-cyclopentyloxy-4- 
13 methoxyphenyl)elhenyl]pyiidine; 
i 4-[2-(3-Cyclopenlyloxy-4-nielhoxyphenyl)-2-phe(iylelhenylJ-3,5- 

dichloropyridine; 

2- [2-(3-Cyclopenlyloxy-4-niGthoxypfienyl)-2-phenylethenyl]pyridine; 
4-( l-(3-CyclopGnlyloxy-4-uiGtlioxyplienyl)-2-(4-pyridyl)elheriylJ 

10 aniline; 

4-[1-(3-Cyclopenxyloxy-4-methoxyphenylO-2-(4-pyridyl)ethenylJ 
benzoic acid; 

Ethyl N-{4-[1-(3-Cyclopentyloxy-4-rnelhoxyphenyl)"2-(4-pyridyl) 
I ethenyl]phenyl)carbamate; 

1 5 N-{4-[ 1 -(3-Cyclopenty loxy-4-methoxyphenyl)-2(4-pyridyl)ethenyl] 

phenylJN'-ethylurea; 
N-{4-[1-(3-Cyclopentyloxy-4-fnelhoxyphenyl)l-2-(4-pyridy!)elhenyl} 
phenylacetamide; 

3- [2-(3-Cyclopentyloxy-4-melhoxyphenyl)-2-phenylelhenyl]pyridine; 
20 4-[2-2(3-Cyclopenlyloxy-4-rnethoxyphenyl)-2-phenylelhenylJ 

pyrimidine; 

4- [2-(3-Cyclopentyloxy-4-meUioxyphenyl)-2-(4-liydroxynielhyl- 
phenyl)ethenyl]pyridine; 

4-(1-(3-Cyclopentyloxy-4-rnelhoxyphenyl)-2-(4-pyridyl)ethenyl] 
25 benzamide; 

EthyM-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-phenyl- 
ethenyljbenzoate; 

N-{4-[ 1 -(3-Cyclopentyloxy-4-fnethoxyphenyl)-2-(4-pyi idyl)elhenylj 

phenyl}methanesulphonamide; or 
30 each (E) or (Z) isomer thereof; and the salts, solvates, hydrate and 

N-oxides thereof. 

10. A pharmaceutical composition comprising a compound of formula (1): 
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containing one or more heteroatoms selected from oxygen, sulphur 
or nitrogen atoms and n is zero or an integer 1, 2 or 3; 
R 5 is a hydrogen atom or an optionally substituted alkyl group; and 
the salts, solvates, hydrates and N-oxides thereof which comprises in 
a final step 

a) a dehydration of a compound of formula (3): 





Y V y C(OH)(R 3 )CH(R 5 )(lf) 



(3) 

wherein Y, X, R 2 , R 3 . R 4 , and R 5 are as defined for formula (1), to 
yield a compound of formula (1); or 

b) coupling a compound of formula (11) 




c(R 3 )=cn2 



(11) 



wherein Y t R 2 and R 3 are as defined for formula (1) in a Heck 
reaction, with an organopalladium compound derived from a 
20 compound R 4 Hal; or 

c) the dehydrogenation ol a compound of formula (12): 





y — (( v — cn(n 3 )CH(R 1 )(n 5 ) 



(12) 



where R is a hydrogen atom 
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GO 

wherein Y, X, R 2 , H 4 and R 5 are as defined (or formula (1) to yield a 
compound of formula (1) wherein R 3 , R G and R 7 is each a hydrogen 
atom; or 

d) the interconversion of a compound of formula (1) to another 
compound of formula (1); 

e) by reaction of a compound of formula (1) with an acid or base to yield 
a salt of a compound of formula (1); or 

f) by deprotection of a corresponding protected compound of formula 
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